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ABSTRACT 

Studies  were  niade  to  develop  a  nondestructive  test  for  the 
segregating  of  receivers  made  from  materials  other  than  the 
specified  resulphurized  3620H  steel,  and  to  determine  the 
feasibility  of  using  the  electromagnetic  test  for  this  seg¬ 
regation,  The  electromagnetic  comparison  test  gave  100  per 
cent  correlation  with  spectrographic  analysis  results  of  554 
receivers.  The  developed  method  did  not  correlate  completely 
with  core  properties  in  the  receiver  lug  areas.  The  results 
obtained  by  this  method  are  influenced  by  variations  in  the 
heat-treat  procedures.  It  was  recommended  that  the  electro¬ 
magnetic  method  be  used  in  conjunction  with  core  hardness 
predictions  by  Rockwell  C  and  D  measurements  at  designated 
locations.  Test  procedures  are  described. 
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SUBJECT 

Nondestructive  Test  Investigations  of  7.62mtn  Ml4  Receivers 

AUTHORITY 

Minutes  of  M14  Rifle  Conference  at  Headquarters,  Ordnance  Weapons 
Command,  Rock  Island,  Illinois  on  22-33  March  1961 

PURPOSE 

The  purpose  of  the  investigations  was  twofold:  to  develop 
a  nondestructive  test  method  to  segregate  receivers  made  from 
materials  other  than  the  specified  8620H  resulphurized  steel,  and 
to  determine  the  feasibility  of  applying  the  developed  electro¬ 
magnetic  test  method  used  in  segregation  and  other  test  methods  'fori  final 
and  in-process  inspection  of  receivers  to  control  quality, 

SCOPE 

The  report  summarizes  the  following  investigations  conducted 
by  Research  and  Materials  Laboratories,  Springfield  Armory: 

1.  Nondestructive  Material  Segregation  Studies 

a.  EKamination  of  Fractured  Receivers 

b.  Initial  Screening  Studies 

c.  Test  Development  Studies 

d.  Correlation  Studies 

e.  Segregation  Program 

2,  Nondestructive  In-Process  Inspection  Studies 

a.  Distribution  Studies  of  Magnetic  Comparator  Readings 

b.  Third  Harmonic  Studies 

c.  Mechanical  Hardness  Tests  for  Gore  Hardness  Evaluation 

CONCLUSIONS 

1.  Electromagnetic  comparison  type  test  metlwd  was  success- 
fully  developed  to  segregate  receivers  manufactured  from  Improper ' 
steel^'  The  method  provided  lOOX  correlation  with  spectrographic 
analysis  results  on  554  receivers.  This  method  was  applied  to  the 
inspection  of  approximately  36,000  receivers  at  Raritan  Arsenal  and 
at  contractor  plants.  A  total  of  35  receivers  of  spurious  material 
was  Segregated, 
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COnCLUSIONS  -  Continued 

2.  The  developed  method  used  in  receiver  segregation  did  not 
completely  correlate  with  core  properties  in  the  receiver  lug  area 
required  for  in-process  inspection  of  components.  This  method  was 
influenced  by  variations  in  heat-treat  practices  and  procedures 
used  by  different  contractors.  Occasional  heat  lots  of  individual 
manufacturers  appeared  to  offer  direct  correlation,  but  when  com¬ 
bined  x>?lth  other  heat  lots  from  the  same  manufacturer  and  with  heat 
lots  of  other  manufacturers,  only  a  partial  correlation  was  found 
to  exist.  Prior  forging  procedures  and  techniques  are  believed  to 
have  greatly  influenced  magnetic  test  results  on  receivers  similarly 
treated. 


3.  The  magnetic  method  used  was  not  1007.  reliable  in  deter¬ 
mining  the  actual  core  hardness  properties  in  any  specified  area, 
e.g. ,  the  lug  section.  The  instrument  averages  the  conditions 
prevalent  in  the  material  -vrhich  is  within  the  field  of  the  coll. 

The  component  has  varying  section  sizes,  thereby  producing  varia¬ 
tions  in  core  hardness  betvresn  different  sections.  Inherent  process 
variations  of  different  hardenability  steel,  quenching  speeds, 
tempering  cycles,  and  variables  such  as  residual  magnetism  are 
further  deterring  factors  to  direct  correlation. 

4.  Although  the  magnetic  comparator  did  not  offer  direct  cor¬ 
relation,  the  contractors'  rise  was  most  beneficial.  The  method 
showed  when  variables  had  been  introduced  in  processing  indivi-dual 
heats;  this  made  correction  of  conditions  possible  before  large 
nurabers  were  manufactured.  As  contractors'  techniques  and  proced¬ 
ures  became  more  uniform,  process  was  more  systemized  with  result¬ 
ant  controlled  product  quality. 

,  5.  Third  harmonic  studies  did  not  completely  correlate  with 

component  material  properties.  Use  of  the  ratio  of  magnetic  com¬ 
parator  reading  to  third  harmonic  amplitude  showed  somewhat  im¬ 
proved  correlation  in  that  it  was  possible  to  differentiate  re¬ 
ceivers  which  had  been  highly  tempered  or  retempered  from  generally 
low  core  hardness,  such  receivers  had  greatly  influence.d  both  magnetic 
comparator  readings  and  third  harmonic  amplitude  when  studied 
separately  . 

6.  Test  method  employing  a  combination  of  Rockwell  D  and 
C  hardness  iiicasurements  in  designated  receiver  locations  was  de- 
veloped.  Predictions  made  offered  excellent  correlation  with 
core  hardness.  Core  hardness  estimates  were  predicted  on  a 

total  of  170  production  receivers  which  ^-/ere  destructively  examined; 
93.5%  of  the  estimates  were  correct  to  within  2  points  Rockwell  C; 

99%  V7are  correct  to  v/ithin  3  points  RocKx-zell  c.  liethod  also  applied 
to  receivers  from  other  contractors. 
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CONCLUSIONS  -  Continued 

7.  An"  investigatioa  should  be  made  to  improve  Che  reliability 
of  the  magnetic  permeability  test  by  using  core  hardness  predictions. 
Studles-mi^ h  s ud  t— ift-correct  ion-xif  za  r o  -posirttorr  f  fie  at 

lo  C-of--  componen  ts . 

RECOMMENDATIONS 

1.  Because  of  benefits  derived  in  proper  use  of  the  electro¬ 
magnetic  method  by  manufacturers,  it  is  recommended  that  the  method 
be  continued  jin  ■  use  in  contractor  plants  in  conjunction  with 

core  hardness  predictions  by  Rockwell  c  and  B  measurements  at 
designated  locations.  Each  contractor  should  endeavor  to  use  the 
tests  to  best  advantage  -  that  of  indicating  when  variables  have 
been  introduced  into  process  and  to  further  improve  manufacturing 
procedures,  in  order  that  this  end  be  accomplished  heat  lots  should 
be  maintained  separately,  and  appropriate  measures  taken  in  heat- 
treat  practice  to  produce  desired  properties.  Means  should  not  be 
sought  by  contractors  to  devise  methods  of  defeating  test  purpose. 
Tests  have  not  been  introduced  to  cause  hardships  or  material  re¬ 
jection,  but  to  assure  component  quality. 

2.  It  is  recommended  that  Research  and  Material  Laboratory, 
Springfield  Armory,  study  the  effect  of  different  forging  procedures 
to  determine  whether  any  particular  controls  should  be  placed  on 
processes  to  reduce  variables  In  heat-treat. 

3.  It  is  recommended  that  Research  and  Materials  Laboratory 
continue  study  of  materials,  heat- treatments,  and  nondestructive 
tests  to  evaluate  properties  and  service  life  of  components. 

INTRODUCTION 

The  program  to  develop  a  nondestructive  test  method  to  segregate 
J-llA  receivers  (component  drawing  F  7790189)  manufactured  from  im¬ 
proper  steel  began  in  December  1950  because  of  castastrophlc 
failures  in  weapons  at  Ft.  Denning  and  at  "Code  HGf'  plant.  Chemical 
and  metallurgical  Investigations  of  fractured  receivers  revealed 
fabrication  from  1330  steel,  with  resultant  core  structures  hard 
and  extremely  brittle.  Specification  required  fabrication  from 
8620H  resulphurized  steel.  Nondestructive  test  studies  resulted  in 
the  development  of  an  electromagnetic  test  method.  The  segregation 
program  was  subsequently  undertaken  on  all  manufac^tured  receivers  at 
contractor  plants  and  on  all  suspect  weapons  impounded  at  Raritan  .. 
Arsenal, 
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INTRODUCTION  -  Continued 

During  segregation  investigations,  it  was  observed  that  com¬ 
ponents/manufactured  from  8620H  steel  developed  a  variety  of  struc* 
Ture^  and  properties.  Many  variations  in  heat-treat  methods  and 
procedures  at  contractor  plants  were  found.  Greater  in-process  con- 
trol  was  deemed  necessary,  Ex^ainatiohs  of  failed  Ml 4  and  Ml  receivers, 
were  reviewed  together  with  destructive  tests  of  curi'ent  production 
In  order  to  establish  optimum  conditions  for  the  core  in  the  lug 
section  of  the  receiver.  In  additlrn,  studies  were  undertaken  in 
the  development  of  a  nondestructive  test  means  of  evaluating  quality. 
Studies  were  made  with  components  produced  by  all  contractors. 
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1 ,  Mondeatructlvc  Material  ScsreRatlan  Studies 
A.  Investigations  on  Fractured  Receivers 

Chemical  and  metallurgical  data  were  compiled  on  fractured 
receivers,  "Code  OH'  19478  and  "Code  HGf'  73293.  Chemical  data  are 
shown  in  Table  1.  Receivers  were  found  to  have  been  fabricated  from 
1330  material.  Damaged  receivers  and  receiver  fractures  are 
pictured  in  Figures  1-4.  A  photomicrograph  of  the  structure  in 
"Code  hC  receiver  73293  is  shown  in  Figure  5. 


TABLE  1 


Chemical  Data  on  Fractured  Receivers 


Element 

Specificatlojl  Requirement 
8620H  Re sulphurized 

"Code  OH’ 
19478 

"Code  HC 
73293  ■ 

carbon 

0.17  -  0.23 

0.30  0.31 

0.30  0.31 

Mangane  se 

0.60  -  0.95 

1,79 

1.81 

Silicon 

0.20  -  0.35 

0.29 

0.20 

Sulfur 

0.035  -  0.050 

0.041 

phosphorous 

0.040  Max, 

0.054 

0.054 

Chromium 

0,35  -  0.65 

0.20 

0.20 

Nickel 

0.35  -  0.75 

0.14 

0.14 

Molybdenum 

0.15  -  0.25 

Metallurgical  data  showed  that  fractured  receivers  had  ex¬ 
tremely  high  core  hardness,  Rockwell  G  51-53. 5. Microstructures  were 
predominately  martensite  and  lower  bainite.  Currently  specified  core 
'hardness  Tor  86^0H  resulphurized  receivers  was  Rockwell  C  31-42, 
structures  notiriaily  contained  greater  amounts  of  upper  bainite  than 
evidenced  in  the  fractured  receivers, 

B.  Receiver  Material  Segregation  Studies 

In  addition  to  investigations  on  fractured  receivers  at  the 
problem  outset,  many  Individuals  and,  installations  were  contacted 
relative  to  methods  and  approaches  to  use  for  segregation  of  mixed 
material  receivers.  Most  suggested  a  chemical  spot  test  with  philos¬ 
ophy  based  on  the  expected  quantities  of  certain  elements  in  the 
8620H  steel  as  compared  to  1330  steel.  The  presence  of  residual 
alloy  in  the  1330  steel  used,  together  with  the  possibility  that 
other  spurious  material  might  be  involved  made  these  methods  unreliable. 
Along  the  same  lines  WatertoV'm.  Arsenal  proposed  separation  methods 
employing  x-ray  spectroscopy  and  neutron  activation  of  manganese. 
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B.  Receiver  Material  Segregation  Studies  -  Continued 

Electromagnetic  methods  were  finally  selected  as  the  most  economical 
and  offering  the  best  possibility  far  solution.  Approach  by  these 
methods  was  complicated  however,  in  that  only  small  sections  of 
ruptured  1330  steel  receivers  were  available  for  initial  tests.  A 
complete  receiver  of  the  unwanted  material  was  required  for  use  as 
a  comparison  standard.  It  was  not  considered  advisable  to  fabricate 
receivers  from  1330  material  because  of  the  problem  Urgency,  the 
time  and  expense  required  to  fabricate  complete  receivers,  and  the 
uncertainty  as  to  materials  which  might  also  be  mixed. 

Work  conducted  with  electromagnetic  methods  in  segregation 
of  spurious  material  comprised  three  separate  studies;.  Initial 
screening,  test  development,  and  correlation. 

C.  Initial  Screening  Studies  -  Material  Segregation 
1.  Procedure 


The  purpose  of  initial  screening  studies  was  to  ob¬ 
tain  a  complete  receiver  fabricated  from  1330  material  and  to  deter¬ 
mine  whether  this  represented  the  only  mixed  material.  The  approach 
'taken  was  that  of  examining  as  large  a  number  of  receivers  with 
magnetic  equipment,  with  the  hope  that  nondestructive  spectrographlc 
tests  on  those  displaying  the  greatest  differences  would  result  In 
finding  a  complete  1330  receiver.  Test  data  were  gathered  at 
contractor  plants  employing  three  different  magnetic  equipments. 
(Magnatest  FS-300,  Magnetic  Analysis  Production  Comparator,  and 
Magnatest  ED-500),  Tests  were  concentrated  on  receivers  in  the  heat 
lot  Prom  which  failed  components  had  come.  The  procedure  involved 
■recewdlng  the  receiver  serial  number  and  the  teat  reading  on  each 
instfuaent.  All  readings,  such  as  amplitude  and  phase  of  the  funda- 
meiitai  and  harmonic  waves  were  recorded.  Receivers  were  next  care¬ 
fully  selected  and  AWalyzed  spectrographlcally. 

2,  Results 


Tests  conducted  with  the  Magnetic  Analysis  production 
Comparator  noting  amplitude  of  wave  forms,  phase  shift,  and  harmonic 
content  resulted  in  the  discovery  of  1330  material  receivers.  Data 
sheets  recording  receiver  serial  numbers,  electromagnetic  test  readings, 
and  spectrographlc  results  are  shown  in  Appendix  A,  Section  1.  Re¬ 
ceivers  made  of  13EX  material  had  high  plus  readings  and  wave  pat¬ 
terns  contained  all  third  harmonic  content  v/lth  and  without  phase 
shifts.  Receivers  made  of  86XX 
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G.  Initial  Screening  Studip.s  -  HaCeri.al  SeareRatlon 
2*  Results  -  Continued 

material  showed  third  and  fifth  harmonic  contents  with  most  readings 
less  positive  than  noted  with  i3XX  material  receivers.  The  purpose 
of  the  studies,  that  of  obtaining  complete  receivers  made  of  13XX 
material,  was  accomplished.  Studies  indicated  method  feasibility  as 
differences  in  magnetic  properties  resulted  in  detection  of  spurious 
material.  In  addition,  a  second  mixed  steel  was  found,  an  atldy 
containing  approximately  4  per  cent  nickel. 

D .  Test  Development  Studies  -  Material  Segregation 
1.  Procedure 


With  receivers  of  different  known  chemical  compositions 
available,  test  development  studies  employing  various  magnetic  equips 
ment  (Magnetic  Analysis  Production  Comparator  and  Magnate st  FS-300) 
were  begun.  Various  test  set-ups  at  different  sensitivities  were 
investigated  to  determine  acceptance  range,  sensitivity  required, 
and  optimum  test  parameters.  Variables  which  might  affect  measure¬ 
ments  were  studied.  Investigations  were  made  on  (1)  parkerl?:ed  and 
unparkerized  receivers,  (2)  receivers  assembled  in  weapons  and  those 
unassembled,  (3)  effect  of  residual  magnetism,  (4)  effect  of  retained 
austenite,  (5)  effect  of  temperature  of  receivers  at  test  and  (6)  ef¬ 
fects  of  te.mperlng  and  retempering  receivers  at  various  temperatures. 

2.  Results 


Studies  resulted  in  the  development  of  a  magnetic  test 
method  employing  Magnetic  Analysis  Production  Comparator  equipment 
/or  segregation  of  mixed  material  receivers.  Initial  screening 
studies  employed  unfiltered  60-cycle  secondary  colls.  Further  tests 
indicated  a  better  separation  was  obtained  with  the  use  of  a  filtered 
60-cycle  operation.  Data  sheets  on  gathered  information  are  shown 
in  Appendix  A,  Section  2.  Standards  were  selected  and  equipment 
calibrated  such  that  the  13XX  series  gave  high  plus  readings  in  excess 
of  +95,  properly  treated  86XX  components  now  gave  readings  which  were 
no  greater  plus  than  +39.  High  nickel  alloy  material  gave  a  negative 
off-scale  reading  with  a  large  phase  sMTtX  SbXX  material  showed 
negative  readings  as  high  as  minus  off-scale,  but  phase  shifts  were 
not  as  great  as  with  the  high  nickel  material.  Equipment  could  have 
been  set  such  that  13XX  series  could  have  been  represented  by  exces¬ 
sive  negative  readings  by  reversing  polarity.  Method  was  chosen 
however  to  differentiate  material  in  the  plus  direction.  Photographs 
of  the  equipment,  meter  readings,  and  scope  patterns  are  shown  in 
Figures  6  and  7,  ' 
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D.  Test  Development  Studies  -  Material  Sag re gat ion 
2.  Results  -  Continued 

It  was  discovered  that  components  had  varying  degrees 
6f  retained  magnetism  which  greatly  affected  test  results.  The  more 
magnetized  a  receiver,  the  greater  was  the  instrument  plus  reading. 

A  field  intensity  tneter  was  required  to  check;  for  retained  magnetism 
before  testing.  Demagnetization  was  requireci  oh  receivers  which 
were  magnetized.  Retained  austenite  and  tempefathre  6’f  fhCeivers 
at  test  had  little  effect  on  readings.  Parkerized  and  driparkerlzed 
receivers'  did  not  change  reading.^  noticeably.  Changes  in  readings 
were'  noted  with  barrels,  rear  sights,  etc.,  attached;  It  was  nec- 
efessary  to  make  certain,  when  particular  assembly  was  tested,  that 
all  standards  had  similar  parts  attached;  It  was  required  to  check 
the  degree  of  magnetism  of  attached  parts';  and  demagnetize  them  if 
fiagnetized.  Variations  in  tempering  and  fetempering  had  a  grefit  ef¬ 
fect  on  readings.  Results  are  reported  in  the  following  sectidii: 

E.  Correlation  Studies  -  Material  Segregation 


1.  Procedure 


Additional  confirming  data  v/Sre  required  on  a  large 
dumber  of  receivers  before  the  test  could  he  proved  for  inspection 
of  components.  The  remainder  of  the  receivera  in  heat  lot  B,  from 
which  ruptured  receivers  had  been  found,  were  tested.  Total  tested 
amounted  to  554  receivers. 

Distribution  of  test  readings  was  also  studied.  Distribution  re 
suits  were  first  plotted  on  receivers  in  "Code  H(?',  Lot  B.  Addition¬ 
al  data  were  compiled  on  100  Springfield  Armory  receivers  from  di£- 
/ferehi  heat  lots  and  on  180  Code  HG'  receivers  taken  from  delivered 
weapo'rts  and  representing  different  heat  lots.  'Because  deviations 
in  distributions  were  noted,  the  cause  of  these  deviations  were,  in¬ 
vestigated.  Electromagnetic  test  readings  were  recorded  on  23 
knowtt  8620H  material  receivers  which  gave  various  negative  readings, 
Metaiidtgical  examinations  of  structure,  surface  dtid  core  hardness 
in  various  areas,  and  measurements  of  cast  depth  t^re  made.  A  more 
detailed  retemper  study  was  also  undertaken. 

Magnetic 'readings  on  receivers  were  recorded;  receivers  were  the 
retempered  and  reread.  This  procedure  was  folloiwid  until  magnetic 
readings  ^/ere  minus  off  scale. 

2.  Results 


Spectrographlc  results  gave  lOCP/i  correlation  with  electro¬ 
magnetic  test  results.  Previously  compiled  spectrographlc  data  are 
shown  In  Appendix  A,  Section  2.  Results  on  the  remainder  of  the  lot 
tested  are  listed  in  Appendix  A,  Section  3.^  A  total  of  543  were 
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^ ’  Correlation  Studies  -  Material  Segregation 
Rgsul ts  -  Continued 

analyzed  as  8630C  scries,  10  as  13XX  series,  and  I  as  high  nickel 
alloy.  Prior  magnetic  tests  resulted  in  an  identical  breakdo^m  on 
the  same  receivers. 

Distribution  curve  o£  electromagnetic  test  readings  on  the 
554  "Code  HC  receivers  displayed  primarily  a  range  of  -40  to  +40 
in  readings  (chart  1).  The  100  Rpringfiold  Armory  receivers  tested 
had  a  similar  distribution  (Chart  2),  with  the  distribution  for 
"Code.  HC  shifted  slightly  negative  and  the  Springfield  Armory  re¬ 
ceivers  shifting  slightly  positive. 

A  further  study  of  the  180  "Code  HG*  receivers  from  various 
heat  lots  (Chart  3)  resulted  in  a  wide  deviation  in  distribution. 
Greater  negative  readings  were  predominant;  a  large  percentage . fell 
outside  the  -40  reading,  particularly  in  Lots  C  and  E.  The  cause  of 
readings  more  negative  than  -40  was  attributed  to  three  conditions: 
generally,  low  core  hardness,  sections  locally  annealed,  and  receivers 
tempered  or  retempered  at  relatively  high  temperatures.  The  receiver 
and  the  sections  on  which  direct  core  Rockwell  C  measurements  were 
made  are  shorai  in  Figure  8.  Surface  and  core  hardness,  and  micro¬ 
structure  and  case  depth  data  are  shown  in  Tables  2-5.  Significant  in¬ 
formation  is  obtained  by  comparison  of  hardness  in  identical  sections, 
such  as  areas  A,  E,  C,  etc.  Table  2  indicates  that,  when  negative 
readings  greater  than  -40  were  obtained,  the  hardness  in  the  lug 
section  (areas  F  and  G)  was  probably  below  C30. 
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TABLE  3 

STRUCTURE  DATA  -  RECEt'AER 
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TABLE  4'. . 

STRUCTURE  DATA  -  R£C£-/V£‘/?  J.US  SECnOAf 
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Table  6 


Reteinperlng  Study 


Receiver 

Elect  r omagnet Ic 

Identification 

Condition 

Treatment 

Test  Reading 

"Code  HG"  66117 

Unparkerized 

Retemper  1  hr  (?  400®P 

+30 

+15 

Retemper  1  hr  (3  400°F 

+10 

Retemper  1  hr  0  425°F 

-  2 

. 

Retemper  1  hr  0  500°F 

-105 

SA  99987 

Parkerlzed 

-  8 

Retemper  1  hr  @  400®F 

-16 

Retemper  1  hr  @  400^F 

-19 

Retemper  1  hr  0  425®F 

-28 

Retemper  1  hr  0  S00°F 

-  Off 

acale 

'tode  HG"  69995 

Farkerized 

Retemper  1  hr  @  500^ 

-  7 

-  Off 

acale 

"Coda  HG"  70093 

Parkerlzed 

Retemper  1  hr  0  500°F 

+  2 
-  Off 

acale 
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CJorrc Inti'-on  .'jfitun.Ofj  "  I-ijL0irxt.xl  "  ConXi.nuoU 

The  hardness  specified  for  this  area  is  Rockwell  C31-42. 

Hardness  obtained  In  heavier  sections  of  these  receivers  was  softer  than 
in  the  thinner  sections. 

Investigatlona  revealed  that  material  alterations  can  be 
detected.  Metallurgical  examinations  of  receiver  71980  revealed 
localised  tempering  nr  annealing.  A  photo  micrograph  of  an  area 
within  this  receiver  is  shotTO  in  Figure  9. 

Results  of  the  temper  and  reteraper  study  showed  that  test  readings 
were  greatly  changed  when  receivers  were  retempered.  Results  of  this 
study  are  shown  in  Table  6.  Data  show  that  on  retemper  at  AOO'^F,  test 
readings  changed  8  to  15  points  in  the  negative  direction;  second  retemper 
at  400°F  changed  readings  3  to  5  points  further  negative.  On  retemper 
at  slightly  higher  temperature  (425®F)  readings  were  altered  8  to  12 
points  in  the  negative  direction.  Readings  changed  radically  to  minus 
off  scale  when  receivers  were  tempered  at  SOO^^F.  Two  additional 
receivers  retempered  directly  at  500°F  gave  readingc  of  minus  off 
scale.  Thus,  results  Indicate  that  tempering  significantly  altered 
magnetic  readings.  Hardness  and  structure  examinations  showed  that 
corresponding  property  changes  were  small.  Greatest  effect  was  noted 
on  the  surface  with  little  effort  on  the  core.  Tempering  in  itself 
Is  generally  considered  to  be  beneficial,  but  near  500°F  for  8620H 
material  it  was  shown  that  material  was  approaching  a  "blue  brittle 
range"  wherein  impact  strength  dropped  sharply.  Based  on  the  results 
of  all  above  studies,  the  acceptance  range  of  +40  to  -40  was  established 
for  receivers  of  8620H  material  for  the  segregation  program. 

F.  Segregation  program 

Tests  on  receivers  were  conducted  at  contractor  plants 
and  at  Raritan  Arsenal  after  a  high  level  assurance  of  material  separa¬ 
tion  was  obtained.  Receivers  were  gathered  with  various  established 
magnetic  readings  for  use  in  setting  up  equipment  and  as  standards  of 
acceptance.  These  were  supplied  contractors  and  inspection  personnel. 
Instructions  on  the  separation  were  detailed,  inspection  personnel 
instructed,  and  the  test  was  put  into  operation.  Periodic  checks  were 
made  of  test  procedures  and  equipment  calibration. 

Initially  at  Raritan  Arsenal,  receivers  were  segregated 
on  basis  of  acceptance  range  -  -40  to  +40.  After  7,800  had  been  so 
inspected,  because  of  urgent  need  for  assembled  weapons,  the  -40  limit 
was  waived  by  higher  authority  to  permit  greater  acceptance  of  material. 
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F.  3egx~egation  Program  -  Continued 

A  total  of  35,786  weapons  were  segregated  and  receivers 
Inspected  together  with  those  accounted  for  In  this  report,  all 
subsequent  production  has  been  similarly  Inspected.  Thirty-four 
receivers  of  1330  material  were  found;  only  one  receiver  of  high 
nickel  alloy  material  was  found. 

'll,  Mon-Pea  true tlve  In-Proceas  Inspection  Studies 

A .  Distribution  Studies  of  Magnetic  Comparator  Readings 

Magnetic  test  acceptance  range  for  the  segregation 
program  was  based  on  a  limited  number  of  receivers  because  of  the 
urgent  need  of  segregating  receivers  for  weapon  reassembly.  A  program 
was  Initiated  to  further  study  the  possible  application  of  the  elec¬ 
tromagnetic  test  method  used  in  segregation  to  the  in-process  Inspection 
of  receivers  to  control  quality.  Distributions ' of  magnetic  readings 
were  obtained  on  receivers  manufactured  ’it  "Code  OH",  at  "Code  HG", 
and  at  Springfield  Armory.  Receivers  wire  tested  from  all  heat  lots 
available;  process  methods  used  in  manufacture  were  noted  In  detail. 
Receivers  were  then  selected  representative  of  distributions  obtained 
and  spectrographlcally  and  metal lurglcally  examined.  Test  procedures 
varied  at  each  plant  because  of  receiver  quantities  on  hand  and  their 
availability  for  tests, 

I*  Distribution  Studies  "Code  OH"  Receivers 
a.  Procedure 


At  "Code  OH",  receivers  were  not  readily  available 
nor  were  various  heat  lots  maintained  separate.  As  such,  it  was 
Impossible  to  obtain  magnetic  distribution  data  as  sought  in  the 
formulated  program.  Work  conducted  was  as  follows:  Sixty  receivers 
prior  to  hedt-treat  were  segregated  by  the  contractor  Into  three 
groups,  designated  as  0,  I,  and  Segregation  was  performed 
employing  the  magnetic  analysis  comparator  equipment  with  an  unheat- 
treated  receiver  used  as  a  reference.  Group  0  represented  unheat-treated 
receivers  with  high  plus  readings,  Group  I  unheat-treated  receivers  in 
the  middle  of  range,  and  Group  U  unheat-treated  receivers  with  high 
negative  values.  Receivers  within  these  groups  were  heat-treated 
alike  by  the  contractor,  retested  on  the  magnetic  comparator  employing 
Standard  segregation  procedure,  and  metallurgically  and  chemically 
examined,.  *Heat-treatment  was  as  follows:  Carburized  at  1550°F  for 
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1.  DistribuCion  .Jtuo'ies  "Code  Oil'  Euccivcrs 


a.  procedure  -  Continued 

2-1/2  (lourg,  oil-quenched,  and  tempered  at  425°F  for  1  hour. 

An  additional  twenty-eight  receivers  from  "Code  "OH" 
were  aelected  prior  to  heat-treatment  according  to  Groups  0,  I,  and  U 
and  experimentally  heat-treated  by  the  contractor.  Carburizing  tem¬ 
perature  and  time  were  varied  while  quenching  oil  agitation,  tempering 
time,  and  tempering  temperature  were  maintained  constant.  Receivers 
in  each  group  were  carburized  at  either  1550°F  or  1600®F  for  1-1/2 
or  2-1/2  hours.  Magnetic  data  were  gathered  and  receivers  were 
examined  metallurglcally  and  chemically. 

b.  Results 


The  distribution  of  magnetic  comparator  readings 
prior  to  heat-treating  on  the  60  heat-treated  receivers  designated  by 
the  contractor  as  within  segregated  Groups  0,  I,  and  U  ranged  from  +22 
to  -40,  Distribution  results  are  shown  in  Chart  4,  composite  and 
individual  group  distributions  are  shown.  Groups  0  and  1  had  essentially 
the  same  distribution;  Group  U  distribution  shifted  more  negative. 

Metallurgical  examinations  were  conducted  at 
Springfield  Armory  and  at  "Code  OH".  Examinations  revealed  wide 
differences  in  material  properties  within  the  various  groups,  although 
groups  were  heat-treated  alike.  At  Springfield  Armory,  hardness 
measurements  and  core  structure  examination  on  ten  receivers  Indicated 
that  Group  0  had  high  core  hardness  (Rc  39-42}  and  acceptable  structure 
{1%  max.  ferrite).  Group  I  medium  core  hardness  (Rc  33-36)  with 
acceptable  structure  (3-S7.  ferrite),  and  Group  H  core  hardness  below 
specification  (Rc  23-29)  with  structure  containing  unacceptable 
percentages  of  free  ferrite  (5-17%).  Speccrographic  analysis  of  alloy 
constituents  showed  that  some  constituents  decreased  in  same  order 
•as  groups  in  which  core  hardness  decreased;  this  indicated  that  Group 
0  represented  the  highest  hardenablllty  steel  and  Group  U  the  lowest 
hardenablllty.  Rockwell  D  and  C  hardness  measurements  taken  on  rail 
and  ring  sections  of  these  receivers  showed  Chat  hardness  of  both 
sections  within  Groups  0  and  I  remained  higher  than  that  within  Group 
U.  Group  U  consistently  indicated  approximately  2  points  lower 
Rockwell  D  and  5  points  lower  Rockwell  C  hardness  in  the  ring  section. 
Compiled  metallurgical  and  spectrographlc  data  on  the  ten  receivers 
examined  are  shown  in  Table  7.  Core  hardness  results  of  "Code  OH" 
examinations  on  the  remaining  fifty  receivers  processed  were  similar 
to  Springfield  Armory  results.  Core  hardness  data  compiled  by  "Code  OH" 
are  shown  In  Table  8, 
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Results  on  twenty-eight  '’Code  OH"  receivers 
experimentally  treated  are  shown  in  Table  9.  Rece Ivors  were  treated 
in  four  series  as  follows:  Scries  1  Carburized  at  1550®  for  2-1/2 
hours,  oil-quenched,  tempered  at  425*F  for  1  hour;  Series  2,  Carburized 
at  1550°F  for  1-1/2  hours,  oil-quenched,  tempered  at  425*^1'  for  1  hour; 
Series  3,  Carburized  at  1600®F  for  1-1/2  hours;  oil-quenched,  tempered 
at  425®F  for  I  hour;  Series  4,  Carburized  at  1600®F  for  2-1/2  hours, 
oil-quenched,  tempered  at  425®F  for  1  hour. 

Hardness  results  were  quite  similar.  Rockwell  C  and 
D  hardness  on  the  rail  and  the  ring  sections  of  receivers  segregated 
as  Groups  0  and  I  remained  essentially  the  same  compared  with  each 
other,  although  these  hardnesses  varied  from  series  to  series.  Group 
U  receivers  consistently  had  lower  Rockwell  C  and  D  hardness  in  the 
same  sections.  Group  0  receivers  had  high  core  hardness  in  each 
series  with  exception  of  those  in  Series  3.  Croup  I  displayed  medium 
core  hardness  with  exception  of  same  Series  3.  Group  U  receivers  had 
core  hardness  below  specif icntlons  in  all  series.  Rockwell  C  and 
D  hardness  was  lowest  in  receivers  carburized  at  1550®F  for  1-1/2  hours; 
receivers  carburized  at  1550®F  for  2-1/2  hours  and  those  carburized  at 
1600®F  for  1-1/2  hours  had  relatively  the  same  hardnesses.  Those 
carburized  at  1600°F  for  2-1/2  hours  displayed  highest  Rockwell  C  and 
D  hardness. 


Magnetic  readings  were  much  the  same  in  Series  1,  2, 
and  3  for  the  different  groups.  Series  4  had  the  highest  readings. 
Magnetic  data  were  similar  to  data  in  previous  study  on  "Code  OH" 
receivers..  Groups  0  and  I  had  essentially  the  saioe  readings  within 
each  series.  Group  U  had  the  most  negative  readings. 

This  aeries  of  experiments  carried  out  by  "Code  OH" 
provided  the  expected  results.  It  is  felt  that  the  experiment  would 
have  been  more  practical  if  quenching  spaed  had  been  varied  so  as  to 
bring  Group  0  down  in  hardness  and  to  bring  Group  U  (more  drastically 
quenched)  within  the  desired  hardness  range. 

2.  Distribution  Studies  "Code  HG"  Receivers 
a.  Procedure 

Program  effort  was  concentrated  on  receivers 
processed  at  "Code  HG",  Process  information  was  maintained  and  large 
quantities  of  receivers  were  available  for  tests.  In  addition,  infor¬ 
mation  on  daily  metallurgical  examinations  conducted  on  receivers 
processed  in  each  salt  pot  was  obtainable.  Distribution  data  were 
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TABL£  8 


co/?£-  /7'a/?j:>a'jBss  data 


GROUP  o 

RTCB/yBR  CORE //ARDA'PSS  Ro  R£C£/V£R 
28^308  292A'8 

Z730S  ^-33  26RB-P 

Z76/8  43'-43-A3-4/-y4-/-4T}  ZSZ09 

Z8ZZ3  AZ-AB-A-S-AZ-^-Z-A-/  2603/ 
28/9!  A/-A/-AZ-AZ-A2-AZ\  Z7073 
28078  38-08-AO-39-AO-A2  27A27 

28879  37 -38 'AO  -  AO- A/- A2  29 AO 2 

28  79A  AO -A2  -A3 -42 -A3-A2  i  2603/ 
28383  43- AA- A3 -AO- A/ -A/  j  26399 

ZBAOS  A/-A2 -A2 -AO-AO-AO  !  263/3 

26328  AO-AO-A2-A2-A2-A2  |  2936A 

28239  A3-A3-A3-A5  -  A4-A3  |  2629/ 

Z392Z  A3  -A3  -AA  -A3 -A3-A2  2  60 8 A 

27672  AA-AA-A3-A3-A3-A2  23938 

28303  AA-AA-AA-AA-A3-A3  26/A/ 
28293  A3-A3-A3-AA-A3-A3  26A83 

28238  AO-AO-A2-A2-A/-A/ 

2A367  37'38-38-37-A/-AO 
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TA3l£  9  MAOmnC  AND  NARDNEoS  DATA  ON  Z8  "COD£  OM"  /xECBVERS  EXRER/NSNTAUY  TREATED 


RECETVE'/R 

A/C. 

.  % 

CORE 

S  UR  RACE 

//ARO/VESSi 

QROUP 

1 

HARDNESS 

Rt 

a  AREA 

RA/L 

R/A/G 

5?o 

/ffc 

/P^ 

776 

SERIES  1 

4070! 

0 

■iZI 

45-45  -A5 

in'-  69-69.5 

56.5-58-585 

69.5-70.5-70.5 

57.5-58-58 

AC600 

a 

1/8 

A05-4Z-4Z 

70-70 -70 

58-58.559 

70-70-70 

57-57-57.5 

3503^ 

0 

■/■s 

■155-46-46 

70-705-7/ -72 

58-59-59.5 

69.5-69S-70 

57-58 -58E 

^A'SeO 

I 

■I/O 

36-36.5 -36.5 

6S-£S-70.5-72 

58  -685-59 

69.6-70.5-7/.5 

585-535-59.5 

r 

IS 

43-44-4'4 

69.5-70-70 

57-58-58 

70-70-70 

575-58-50 

386^0 

T. 

0 

36-36.5-36.5 

69  -69-69.5 

58.55939 

685- 69.5- 7/5-7X. 

57575-585 

AC3S6 

a 

-3Z 

Z5-Z6.5-E7 

69-70-70 

54.55556  -58 

63.5-68.5-69 

53.5-54-55 

SERIES  Z 

A-0394 

0 

t6 

675-68-68 

53.553.5-54 

68-66.5-685 

54.5-5556 

3S66Z 

0 

15 

37-37-37 

67-68  -68 

52-54-55.5 

53.5-54-545 

35833 

0 

~Z 

4I.5-4Z  -4Z 

675-68-69.5 

52.5-53-54 

67-63-685 

50-5/5-53 

35688 

I 

I/I 

54.5-355-36 

(6.6-67-68-70 

53-53-53.5 

68-63.5-69 

54-54-54 

^€>876 

I 

0 

375-38-40 

67.3-69-69 

535-54-56 

665-67-67 

52-53-53.5 

S978Z 

I 

0 

35-35.5S6 

65.5-66.5-68-69 

53-53.5-54 

66.5-66.5-67.5 

50-52-52.5 

■357/6 

LI 

■31 

Z5-Z55-Z5.5 

67-67.5-68.5 

32-53-53 

6/-62.5-625 

45-455-A55 

35AZR 

MOT 

*4ACftfM£0 

-6! 

Z7-Z8-29 

66-66.5-67 

53-53.5-54 

6Z.5-63.6- 64 

45.5-AA-44.5 

SERIES  3 

305/3 

0 

1/5 

38-40 -40.5 

(9-69.S-69.5-73.5 

5757.557-59-59 

695-70-70 

57-535e.5 

3/554> 

o 

-3 

35.5-35.5-36 

&8S.5-70.5-70.5 

57.557.5575 5S5 

68.5-69.5-69.5 

55.5-56.5 -Sr 

30033 

r 

I/O 

40-45-40 

69.S-68.S-69-6S.5 

55.5-56  ■57-57.5 

66.5-675-68-695 

5/-5/.5 -53-54 

3Z68Z 

r 

42-5-42.5-43 

555-56-57-58 

675-63.5-69 

54.5-55-56 

Z570S 

I 

-5 

42-43-43.5 

i{,.5-6e-6B.S-m-7/ 

54.5-55.5-575-58 

70-70-70-5 

55.5-56-57-58 

A'/Z5/ 

u 

-ZZ 

1^5-26-28.5 

685-69-69-7/ 

55-55-5S5-555 

655-67.5-68 

5/ 5 -5/ 5-51.5 

A'0623 

u 

-Z8 

25-27-27.5 

6B-68.5-695-70 
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2,  Distribution  Studies  "Cotle  HC?'  Receivers 
a.  Procedure  -  Continued 

gathered  on  3120  receivers  from  heat  lots  H,  N,  Q,  P  and  Q  at  "Code 
HG".  Forty-four  of  these  were  selected  and  metallurgtcally  examined. 

b.  Results 

Distribution  data  on  "Code  HG"  heat  lots  H,  N,  0,  7 
and  Q  are  shown  in  Charts  5-9.  Heat  lots,  0,  P,  Q  and  a  majority 
of  N  had  received  the  same  treatment;  Carburized  at  1575®P  for  1-1/2 
hours,  quenched  in  oil,  agitated  and  maintained  at  150*^7,  and  tempered 
at  400^F  for  1-1/2  hours.  Remaining  receivers  from  heat  lot  K,  desig¬ 
nated  as  for  clarity,  were  given  the  following  treatment:  Carburized 
at  1550*^  for  1-1/2  houra,  quenched  in  oil,  agitated  and  maintained  at 
I50°F,  and  tempered  at  415°F  for  1-1/2  hours.  Heat  lot  H  was  given 
similar  treatment  with  exception  that  no  agitation  was  used  end  receivers 
were  tempered  at  400°F  for  1-1/2  hours.  Distribution  variations  ore  shown. 
Readings  os  receivers  in  heat  lot  N  ranged  from  +5  to  -60  with  peak  of 
distribution  at  -15.  Lots  0  and  P  had  distribution  shift  to  the  right 
of  Lot  N  with  major  distribution  between  0  and  +10.  Lot  Q  distribution 
shifts  negative  with  respect  to  N  with  range  -20  to  -45;  peak  distribution, 
between  -25  end  -35.  Lot  ranged  +15  to  -75  with  peak  distribution 

at  -30.  Heat  lot  H  had  peak  distribution  at  0.  Readings  ranged  -15  to 
+32. 


Surface  and  core  hardness  data  on  receivers  examined 
are  shown  in  Tables  10-12.  Lots  H,  N,  and  Q  Indicate  general  ten¬ 
dencies  for  core  hardness  to  decrease  with  more  negative  magnetic  reading 
within  each  separate  heat.  Rockwell  D  end  C  hardness  also  tends  to 
decrease,  particularly  in  the  ring  section.  In  the  thinner  section, 
the  rail  section,  hardness  is  more  uniform. 
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RECEIVBR 

MA 

READING 

CORE 

3UREACE 

A/ARONESS 

/VO. 

HARDNESS 

Rc 
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RAH. 

R//V& 

Ro 

Rc 

Rv  1 
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34>4'369 

M 

A3Z 
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^3-53 

6>S^-^S 

3Z-3/.3 

3/.5-3/.3 
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£ 
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<^-683 
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^3^ 

69.3-69 

68-67.3 
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33.5-33.5 

364'4'CO 

H 

t£ 

E3.s-es^ 
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M-& 

66-63^ 

63-633 

3/3-3/ 

3/ -30.3 

36A^-^AA' 

H 

iS 
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H 

-s 
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47.5-47.5 

Z7£'1'79 

N' 

-S 

37.8 

683-67.5 

67-67 

68-63 
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63.3-6X.5 
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47-46.3 

46.3-46 

i29^9/S 

A/' 

-30 

3JZ.Z 

63.3-65.3 

65-6Ah3 

3/3-3/ 

30.3-30 

39-39 

37337 

4g-4Zr4/ 

39.3-37.3 

Z7S/G9 

N' 

-££ 

flO.3 

67-66.5 

66-66 

3Z-3^ 

6Z-6Z 

6/3-60 

Z7SZ34'  ^ 

_ 1 

N' 

-6S 

ZBO 

6-7.3-64.5 

64-63 

39.3- 38.3 

33.3- 33 

tSif 

rvEFORT 


TABLE  11  -■SOEFACE  A/^D  OOEE  /MAfOA/ESS  OATA  OA/  ‘COOE F7?OFr  A/EAT /LOFS // AALO  Q 
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59.5-59 
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66-66 

53.5-535 

535-53 
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57-56.5 

^6E893 

N 

-30 

z3-za-za 
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N 

-37 

3/.5-3J-30 

675-67 

67-665 
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<3 

~/8 
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55-53.5 

67-66 

655-655 
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TABLE  12  -BOREACE  AHD  CORE  MWORESS  EATA  OR  'COOE  RO"  RECE/\/ERS  EROM  EEAT  L.07S  R  AA/O  O 


RECEIVER 
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SURFACE 

HARD.NESS 
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Rc 
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R 
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34-33 
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o 
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o 
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Disti-lbution  Studies  "Codo  HG*  Receivers 
b.  Results  -  Continued 

Core  hardness  data  on  Lota  P  and  0  are  at  or  below  the  specification 
minimum  in  F-G  sections.  Rockwell  D  and  C  values ''were  fairly 
constant  and  core  hardness  did  not  vary  widely  over  ;ne  range  of 
magnetic  readings. 

Receivers  from  heat  lots  investigated  were  forged  at  two 
sources:  "Code  SB"  and  "Code  LR".  Heat  lots  H,  N,  and  Q,  were  forged 
at  "Code  SB";  heat  lots  0  and  P.  at  "Code  LR".  Observation  may  be 
Important  because  distribution  and  hardness  data  of  lots  0  and  P 
differed  from  data  obtained  on  heat  lots  H,  N,  and  Q.  The  latter 
indicated  general  tendencies  of  correlation  in  magnetic  data  with 
core  hardness;  whereas,  the  former  appears  to  offer  less  correlation. 
Also,  the  distribution  curves  for  lots  0  and  P  were  more  compact 
and  heat  lots  H,  N,  and  Q  more  widespread.  When  data  are  tabulated 
as  in  Tables  13  and  14  according  to  forging  source,  each  group  shows 
tendencies  of  decreasing  core  hardness  with  more  negative  magnetic 
reading.  When  data  in  groups  are  combined,  no  tendency  is  Indicated. 

Table  13 


_ Data  on  Heat  Lots  from  Forging  Source  "Code  SB" _ 

Heat  Lot _ Magnetic  Analysts  Reading  Core  Hardness  (Rc) 


H 

+32 

41,5 

H 

+  20 

33.5 

H 

+  5 

36 

H 

+  5 

35 

0 

40 

N 

0 

36 

K 

-  5 

30.5 

nJ 

-  5 

38 

^1 

-10 

30 

N 

-10 

37. S 

N 

-12 

32 

N 

-15 

36 

N 

-15 

32 

Q 

-18 

32 

-21 

36 

Ifl 

-25 

33 

-25 

33 

-27 

38 

Q, 

-27 

33 

-30 

35.5 

nI- 

-30 

31,5 

N 

-30 

29 

Q 

-31 

32 
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2.  Distribution  Studie-s  "Code  Ilg'  Receivers 

Table  13  <Contlmied) 


Heat  Lot _ Magnetic  Analyala  Reading _ Core  Hardness  (Rc) 


N 

-37 

31 

Q- 

-41 

27.5 

-50 

32 

H- 

-55 

26.5 

-65 

28 

Data 

Table  14 

on  Heat  Lots  from  ForglnK  Source 

"Code  LR" 

Heat  Lot 

Magnetic  Analysis  Reading 

Core  Hardness  fRc) 

P 

+41 

31 

P 

+35 

31.5 

P 

+20 

31 

0 

+1B 

32.5 

P 

+  7 

32 

0 

+  5 

29 

0 

+  3 

32.5 

p 

0 

27.5 

p 

0 

29 

0 

-  6 

34 

0 

-  9 

29 

0 

-10 

29 

p 

-10 

26 

Table  15  Hats  hardenability  and  Table  16  chemical  data  of  heat  lots 
as  per  supplier  certification.  Ho  major  differences  are  apparent,  although 
heat  lota  H  and  N  Indicate  highest  hardenability  in  the  3/16  to  4/16  inch 
sections. 
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2,  Distribution  studies  "Code  115'  Receivers 


Table  15 


llardenablllty  of  Heat  Lots  at  "Code  HG" 


Heat  Lot 

1 

2 

3 

4 

5 

6 

7 

8 

10 

12 

H  , 

44 

43 

40 

35 

30 

27 

25 

24 

23 

20 

N(N*^) 

46 

45 

40 

35 

30 

29 

27 

25 

24 

22 

Q 

43 

41 

30 

26 

23 

22 

21 

0 

44 

42 

36 

31 

28 

25 

24 

Z3 

21 

20 

P 

43 

43 

37 

33 

29 

26 

25 

24 

21 

21 

Specified  48/41 

47  /37 

44/32 

41/27 

37/23 

34/21 

32/ 

30/ 

28/ 

26/ 

Chemical 

Table  16 

Constituents  of  Heat  Lots 

at  "Code  HG" 

Heat  Lot 

C 

Mn 

P 

S 

•  Si 

Ni 

Cr 

Mo 

“  1 

.20 

.80. 

.014 

,049 

.32 

.58 

.54 

.21 

N(N  ) 

.19 

.85 

.010 

.040 

.27 

.49 

.53 

.20 

Q 

.20 

.85 

.018 

.045 

.24 

.48 

.56 

.17 

0 

.20 

.80 

.015 

.042 

.25 

.51 

.57 

.19 

P 

.19 

.78 

.012 

.043 

.27 

.49 

.51 

.18 

leclfled 

.17/.23  - 

60/. 95 

.04  Max  , 

035/. 050  , 

.20/.35 

.35/. 75 

.35/. 65 

.15/. 25 

Destructive  examinations  conducted  during  the  period  of  25  July  to  16 
August  at  "Code  HG"  on  receivers  processed  from  each  salt  pot  indicate 
that  receivers  In  Lots  H  and  N  had  highest  core  hardness;  lots  0  and  Q, 
medium  core  hardness;  and  lot  ¥,  the  lowst  core  hardness.  Destructive 
results  indicated  relatively  good  uniformity  for  core  hardness  within 
individual  heat  lots. 


3.  Distribution  Studies  Springfield  Armory  Recelversj 
a.  Procedure 


At  Springfield  Armory,  distribution  data  were  obtained 
periodically  on  receivers  manufactured  from  different  heat  lota  In 
process.  Distributions  were  made  on  the  following  lots:  90969,  91044, 
90835,  82458,  82323,  and  64761.  A  total  of  3,263  receivers  was  tested. 
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Pi-Sfcrlbution  SCudios  Springfield  Armory  Receivers  -  Gontiiiuud 

bi  Results 


Distribution  data  on  Springfield  Armory  heat  lots  studied 
are  shown  in  Charts  10  -  15.  Table  17  lists  the  number  of  receivers 
tested,  the  range  of  magnetic  readings  and  the  peak  distribution. 

Table  17 


Distribution  Data  Springfield  Arriory  Receivers 


Heat  Lot 

Number  Tested 

Range  Magnetic  Readings 

Distribution 

Peak 

90969 

1641 

+35  to  -85 

0  to  -10 

82458 

575 

+  5  to  -70 

-25 

82323 

546 

+15  to  -50 

-20 

90833 

229 

+10  to  -45 

-25 

64761 

142 

+20  to  -45 

0 

91044 

93 

-10  to  -60 

-30 

Forty-seven  receivers  from  heats  90969,  90833  and  64761  were 
selected  and  metallurglcally  examined.  Magnetic  'and  hardness  data  are 
shown  In  Tables  18  -  20.  Core  hardness  in  Che  F  and  G  areas  shows 
partial  correlation  with  magnetic  comparator  data.  Hardness  in  the  lug 
sections  are  quite  uniform,  near  the  low  and  mid  of  the  specification 
requirements  for  most  part.  Re-examination  of  three  receivers  identified 
as  107548,  112488  and  110167  In  heat  lot  90804,  which  fell  within  -40  to 
+40  range  but  had  low  core  hardness,  indicated  that  receivers  were 
partially  magnetized.  It  was  not  possible  to  demagnetize  receivers  and 
reread  magnetic  readings  because  receivers  had  already  been  sectioned. 
Rockwell  C  end  D  data  taken  on  the  rail  and  the  ring  sections  were 
consistent  within  each  section.  Microstructure  case  depth  and  chemical 
data  compiled  on  heat  lots  90969  and  90833  are  shown  In  Tables  21  -  22. 
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Z7.E-Za 

Z7 

Z7 

\Z9-30 

ZB 

\ZA-Z7 

22E'Z3 

ZAP 

[ 

ZA-;2E 

cope:  papd/vese  7pc:J 


E 

3A<5S 

3Z.E-33.5 

EZ-EA' 


P 

1 

c3  ; 

// 

■  i 

/ 

Ajo~A.£3  A.‘~E2E 
37- AO  A/-AZ.C 
■37-E7E  ZO.E'AE 
3J-3EE  AZ-AA 
■3E.E-3i.AA/.E-A3 


REPORT 

SA-rRl9-15 


TABLE 
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RECEIVBR 

NO. 

SURFACE  HARDNESS 
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RAIL 

RING 
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25.0 

23.8 

28.7 

27.  Z 

Z3.5 

32-0 

43.5 

42.5 

44.5 

//S69/ 

-8 

66.5-67 

52535 

59-625 

45-46.5 

28-3 

27.3 

25.5 

32.4 

27.5 

3J.5 

32.0 

^.O 

4./0 

385 

//SSB3 

-/O 

66-67 

52.5-54 

58-59 

^5-48.5 

27.4 

Z5.3 

26.0 

30.2 

263 

36.0 

34.5 

43.0 
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n.  Third  Harmonic  Studies 


i.  Investigations  Conducted 


Distribution  studies  noted  above  on  receivers  from 
all  manufacturers  were  basically  measurements  employing  filtered  60- 
cycle  frequency,  termed  magnetic  comparator  test  readings.  Magnetic 
tests  in  addition  to  these  were  made  in  efforts  to  correlate  non¬ 
destructive  test  results  with  material  properties.  Studies  in¬ 
cluded  investigations  of  third  harmonic  (180  cycle)  amplitude  and 
phase  shift.  Data  were  primarily  gathefed  on  "Code  HC?'  receivers 
from  heat  lots  P,  0,  and  Q  and  "Code  Off'  receivers  specially  treated. 
Studies  ^>;ere  also  made  on  problem  of  re  tempered  receivers  inan  a<;- 
tempt  to  differentiate  highly  tempered  or  re  tempered  receivers  from 
those  which  had  low  core  hardness. 

Magnetic  comparator  equipment  in  conjunction  with  a  vacuum 
tube  voltmeter  and  oscilloscope  was  used  in  third  harmonic  measurements. 
The  portion  of  the  wave  form  investigated  was  set  by  the  index  of  the 
comparator  instrument.  Coils  x«rc  set  in  relatively  the  same  position 
because  changes  in  amplitude  and  phase  were  noted  if  arranged  oppositely 
60  cps  and  180  cps  data  were  initially  obtained  separately.  In  this 
investigation  the  60  cps  data  setup  was  changed  in  order  to  have  read¬ 
ings  of  all  receivers  on  scale.  Subsequently,  through  use  of  a  180 
cps  band  filter  and  circuit  sho\m  in  Figure  iO,  all  data  wre  obtained 
in  one  measurement.  The  ratio  of  60  cps  to  ISO  cps  amplitude  v?as 
calculated. 


2,  Results 


Data  on  60  cps  measurements,  180  cps  measurements,  ratio 
of  60  cps/lSO  cps,  and  core  hardness  in  F  and  G  receiver  areas  on 
"Code  HG'  receivers  in  heat  lots  P,  0,  Q,  and  on  "Code  OH'  Series  1 
and  2  are  shovm  In  Tables  23  and  24. 
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B.  Third 

Harmonic 

Studies  -  Continued 

Third 

Harmonic 

Table  23 
Data  "Code  HG?' 

Receivers 

Receiver 

Identity 

"Heat  Lot 

60  cps 

ISO  cps 

Ratio 

60  rps/180  cps 

Core 

F 

Hardness 

G 

368351 

P 

1.16 

.01275 

.93x10^ 

29.5 

31 

368358 

1.19 

.0136 

.385 

31.5 

31.5 

368357 

1.29 

.0141 

.92 

31 

31 

368308 

37 

.0141 

.975 

32 

32 

368915 

40 

.0145 

.98 

26.5 

27.5 

369041 

40 

.0145 

.98 

30 

29 

369006 

45 

,01465 

1.0 

27.5 

26 

367564 

0 

30 

.0139 

.935 

30.5 

32.5 

368382 

37.5 

.0148 

.93 

32.5 

29 

368144 

39 

.0148 

.94 

29 

32.5 

368546 

43 

.0146 

.95 

36 

34 

368121 

45 

.0148 

.  98 

31 

29 

36^553 

45 

,014'8 

.985 

34 

29 

369131 

Q 

49 

.0165 

.90 

32.5 

32 

369136 

51 

,0162 

.93 

35 

36 

369628 

53 

.01645 

,93 

34 

33 

369640 

55 

.0162 

.955 

35.5 

32 

369670 

60 

.0171 

.935 

31 

27.5 

60 
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B.  Third  Harmonic  Studies  -  continued 


Receiver 

Tlilrd 

Harmonic 

Table  24 

Data  "Code  ort"  Receivers 

Ratio 

Core 

Hardness 

Identity 

Group 

60  cps 

180  cps  60 

cps/180  cps 

F 

G 

Series  1  -  40600 

0 

1.27 

.0148 

. 855x10^ 

41 

42 

35034 

35 

.0158 

.855 

43.5 

46 

40701 

26 

.0142 

.89 

43 

45 

38630 

I 

39 

,,0155 

,90 

38 

36.5 

35423 

32 

.0152 

.87 

40 

43.5 

34980 

30 

.0150 

.87 

37.5 

36.5 

40356 

U 

55 

.0162 

,955 

27 

26 

Series  2  -  35899 

0 

40 

.0151 

.925 

40.5 

42 

40994 

34 

.0147 

.91 

42 

44. 5 

35662 

34 

.0147 

.91 

41 

37 

40876 

I 

38 

.0148 

.93 

39.5 

38 

35688 

30 

.  0143 

.91 

41 

35.5 

39782 

40 

.0149 

.94 

38.5 

35.5 

'  35716 

u 

56 

.0160 

.975 

28 

25.5 

35424 

70 

.0148 

1.15 

26 

28 

Results  indicate  a  tendency  for  third  harmonic  amplitude  to  in¬ 
crease  with  a  decrease  in  core  hardness  within  individual  lots  or 
groups  from  each  contractor.  Correlation  of  ratio  of  first  to  third 
harmonic  with  core  hardness  is  better  than  the  correlation  core  hard¬ 
ness  with  either  first  or  third  alone.  Highest  ratios  were  obtained 
on  receivers  with  lowest  core  hardness.  When  data  from  different 
heats  and  from  contractors  are  combined,  no  direct  correlation  with 
core  hardness  is  apparent.  Identical  ratios  have  widely  different 
core  hardness  in  many  instances. 
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B.  Third  Harmonic  Studies  -  Continued 

"Code  OH"  receivers  which  had  been  previously  tempered  at 
42£®F  for  I  hour  were  retempered  at  47S®F  for  1  hour  and  tested  by 
use  of  60  cps  and  180  cps  measurements.  Table  25  shows  the  results  on. 
measurements  before  and  after  retemperlng. 


Table  25 

Third  Harmonic  Data  on  Re  tempered  Receivers 


Receiver 

Identity 

Before  Re temper 

After  Retemper 

60 

cps  '  180  cps 

Ratio  60/J80 

60 

cps  180  cps 

Ratio  60/180 

30513 

li.29 

.0145 

.89x102  1. 

.76 

.0192 

.93x102 

31225 

1.43 

.0156 

.92  1, 

.84 

.0195 

■  94 

31554 

40 

.0150 

.935 

84 

.0191 

.965 

30899 

32 

.0150 

.88 

75 

.0197 

.89 

32682 

35 

.0153 

.885 

79 

.0205 

.875 

25705 

42 

.0149 

.955 

82 

.0188 

.965 

40623 

54 

,0152 

1.01 

90 

.0190 

1.0 

41231 

52 

.0155 

.98 

90 

.0197 

.965 

It  Is  seen  that  both  the  60  cps  and  the  130  cps  measurements 
are  noticeably  affected  by  retemperlng  at  a  higher  temperature;  how¬ 
ever,  the  ratio  was  not  appreciably  affected.  The  ratio  of  60  cpa 
'  to  180  cps  makes  It  possible  to  estimate  the  core  condition  ir¬ 
respective  of  whether  attempts  have  been  made  to  alter  magnetic  read¬ 
ings  by  retemperlng,  local  heating,  or  use  of  excessive  tempering 
temperatures. 

III.  Mechanical  Hardness  Tests  for  Core  Hardness  Evaluation 


Until  this  investigation,  little  success  had  been  reported  by 
several  investigators  In  correlating  core  hardness  with  surface  hard¬ 
ness  measurements  on  a  case  hardened  steel  such  as  Chat  being  used 
in  the  M14  receiver.  At  Springfield  Armory,  similar  results  were 
indicated  In  preliminary  tests.  Initial  plots  of  superficial  sur¬ 
face  measurements  versus  core  hardness  indicated  no  significant  cor¬ 
relation.  Rockwell  C  surface  measurements,  influenced  in  some  de¬ 
gree  by  the  core  due  to  penetration  depth,  plotted  versus  core  hard¬ 
ness  showed  only  slight  correlation  with  extremely  wide  scatter. 
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III.  Mechanical  Hardness  Tests  Cor  Core  Hardness  Evaluation  -  Continued 

However,  in  plots  of  surface  hardness  measurements  versus  magnetic  read» 
ings  previously  described,  the  variations  in  surface  hardness  measure¬ 
ments  between  two  different  loads  100  kg  and  150  kg  (Rockwell  D  and  C), 
and  between  areas  of  different  section  siae  appeared  to  vary  in  some 
relation  to  core  hardness.  As  a  result,  many  different  combinations 
of  data  were  studied  to  determi?  -  whether  a  valid  method  could  be  de¬ 
veloped  for  prediction  of  core  hardness  from  surface  measurements. 

Severdl  effdfcs  were  made  to  correlate  the  data  previously  ac¬ 
cumulated'  'd^nn  'idtge  number  of  receivers.  Charts  were  made  listing 
Rockwell  D  A’fid'C  Surface  hardness,  Rockwell  C  core  hardness,  magnetic 
teat  readings,  and  metallurgical  examinations  of  the  core  structure. 

Surface  hardnesses  were  measured  on  the  rail  of  the  receiver  (a  thin 
sectioh)  and  on  the  front  ring  (a  heavier  section  about  one  inch  In 
front  of  the  lug  area).  Hardness  measurements  were  taken  in  these 
sections  because  of  convenience  of  flat,  parallel  surfaces.  Such  sur¬ 
faces  are  required  for  proper  measurements.  Core  data,  however,  were 
taken  in  the  lug  section  because  structure  in  chxs  area  is  critical 
to  weapon  function. 

One  of  the  first  combinations  which  showed  promise  was  a  three- 
way  plot  of  surface  Rockwell  C  hardness  on  the  rail,  surface  Rockwell 
C  hardness  on  the  ring,  and  core  Rockwell  C  hardness  in  the  lug  area. 
Measurements  were  recorded  for  161  receivers  fabricated  from  several 
different  heat  lots  from  "Code  OH,"  Code  HG, "  and  Springfield  Armory. 
Hardness  data  on  these  receivers  were  plotted,  and  results  of  each  re¬ 
ceiver  studied  in  relation  to  the  graph  developed.  Graph  showed 
accurate  correlation  as  indicated  by  the  following  results: 

13A  had  core  hardness  within  ±  2  Rc  of  that  predicted  -  83, 5%  accurate 

150  within  ±  3  Rc  of  that  predicted  -  93. 5X  accurate 

157  within  ±  4  Rc  of  that  predicted  -  97.5%  accurate 

161  within  ±  5  Rc  of  that  predicted  -  100%  accurate 

Because  hardness  in  any  receiver  section  decreases  from  the  sur¬ 
face  into  the  core  and  the  slope  of  this  hardness  versus  depth  varies 
with  hardenability  and  quenching  rate,  it  was  felt  that  this  slope 
should  be  determined.  Measurements  were  made  of  surface  hardness  in 
one  area  with  the  use  of  two  different  loads  and,  therefore,  two  pene¬ 
tration  depths  -  namely,  Rockwell  D  (100  kg)  and  Rockwell  C  (150  kg)  to 
accomplish  this  end.  Rockwell  D  and  C  hardness  measurements  previously 
recorded  on  the  ring  of  the  receiver  were  plotted  on  a  three-way  graph 
versus  core  hardness  in  the  lug  area.  Results  were  most  encouraging: 

Predicted  ‘core  hardness  within  ±  2  Rc  -  89Z 

within  ±  3  Rc-  -  977. 
within  ±  4  Rc  -  100% 
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III,  Mechanical  Hardness  Tests  for  Gore  Hardness  Evaluation  -  Continued 

A  mathematical  interpretation  of  the  plot  from  these  preliminary 
data  takes  the  following  form: 

Core  Hardness  =  2  (Re  +  k  -  Rp)  where  Rc  and  Rq  are  surface  hard¬ 
ness  measurements.  From  the  various  combinations  of  plotting  the  avail¬ 
able  data,  the  factor  k  apparently  depends  on  section  size  of  the  area 
in  question  and  may  vary  with  extrerar  changes  in  thermal  proce-ss.  Fur¬ 
ther  information  is  of  course  necessary  to  confirm  these  conjectures, 
but  it  is  envisioned  that  eventually  a  formula  can  be  predicted  for 
any  given  process  for  determining  core  hardness.  For  the  plot  previous¬ 
ly  described,  k  r  32.5. 

In  order  that  further  data  be  obtained  for  verification  of  this 
method,  the  developed  chart  shown  in  Chart  16  was  used  to  predict  the 
core  hardness  of  production  receivers  sectioned  daily  and  examined  by 
the  Industrial  Laboratory.  To  date,  170  receivers  fabricated  from  six 
different  heat  lots  have  been  measured  with  a  more  promising  correlation 
indicated  as  follows; 

159  core  hardness  within  ±  2  Rc  -  93.57„ 

168  within  ±  3  Rc  -  997, 

170  within  +  4  Rc  -  1007, 

Five  of  the  production  samples  found  to  be  in  error  by  more  than 
two  points  Rockwell  c  were  reexamined.  The  surface  hardness  was  re¬ 
measured  after  preparing  a  better  bearing  surface  for  the  receiver  to 
rest  on  the  anvil  of  the  Rockwell  machine.  These  second  measurements 
predicted  the  core  hardness  on  three  of  the  pieces  without  error. 

Surface  measurements  on  the  other  two  were  found  to  be  accurate.  How¬ 
ever,  the  core  hardness  in  the  ring  area  directly  under  the  position 
of  the  surface  measurements  was  found  to  be  five  points  Rockwell  C 
, different  from  that  in  the  lug  area.  The  core  hardness  in  the  ring 
area  normally  runs,  due  to  section  size,  appr.yximatery  two  points  Rock¬ 
well  C  lower  chan  the  core  hardness  in  the  lug  area.  This  difference 
can  account  for  a  three-point  Rockwell  C  error  In  prediction  of  the 
lug  area  core  hardness.  This  large  difference  in  core  hardness  between 
the  two  areas  is  probably  caused  by  salt  clinging  in  one  area  and  not 
in  the  other;  thus,  one  area  is  insulated  to  a  greater  degree  in  quench¬ 
ing.  Figure  11  shows  the  manner  in  which  salt  sometimes  clings  to 
certain  receiver  areas. 

Since  this  problem  exists,  a  more  accurate  determination  of  core 
hardness  may  be  obtained  by  measuring  the  surface  hardness  on  the 
lug  area  section.  A  fixture  is  being  fabricated  to  rigidly  support 
the  receiver  for  surface  hardness  measurements  directly  on  the  lup 
area.  This  should  eliminate  prediction  errors  resulting  from  varia¬ 
tion  in  quench  rates  within  a  single  receiver. 
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III.  Mechanical  Hardness  Tests  for  Core  Hardnegs  Evaluation  -  Continued 


The  most  Important  aspect  o£  this  test  la  the  surface  hardness 
measurement.  It  Is  emphasized  that  all  the  precautions  and  techniques 
outlined  In  the  instruction  book  for  the  Rockwell  machine  must  be  fol¬ 
lowed.  Also,  both  Rockwell  D  and  C  measurements  must  be  made  on  the 
same  Rockwell  machine  and  as  close  to  the  same  time  as  possible  Co 
cancel  errors  between  machines,  variations  in  peneCrators,  and  minor 
loads.  It  is  important  to  note  further  that  the  surface  hardness  read¬ 
ings  Were  taken  on  uuparkerized  surfaces.  It  is  recommended  that  sur¬ 
face  hardness  be  measured  in  the  unparkerized  condition  until  the  ef¬ 
fect  of  parkerizlng  Is  determined. 

Investigations  are  being  continued.  At  this  point,  it  is  felt 
that  a  simple  and  accurate  nondestructive  method  has  been  developed 
to  determine  core  hardness,  it  is  recommended  that  further  data  be 
compiled  with  the  use  of  the  proposed  method  of  taking  hardness  di¬ 
rectly  on  the  lug  area  to  verify  present  results.  A  slight  correction 
In  the  prediction  chart  might  be  required  because  of  the  difference 
In  section  siz-  between  the  ring  and  the  lug  areas,  but  a  more  accurate 
test  is  anticipated. 
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APPENDIX  A 


Section  1 


Receiver  Test  ftesulta 
Initial  Screening  Studlea 
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’'Code  HG"  Receiver 
Identiflcetlon 

.  Hagneric  Anelyala 
Production  Comparator 

Magnatest 

FS-JOO 

Spectrograph le 
Analysis 

Amplitude 

Phase  and 
Harmonics 

Amplitude 

Phase 

• 

71244 

-1-100 

All  3rd 

4.0 

45 

13XX 

71974 

+11001 

All  3rd 

3.8 

35 

lasc 

69121 

+100+ 

All  3rd 

4.0 

50 

13XX  . 

73761 

+100 

90®  P.S 

All  3rd 

3.8 

40 

13XX 

71927 

+100+ 

90®  p.a. 

All  3rd 

3.9 

40 

13XX 

72929 

+100+ 

qno  F.g. 

All  3rd 

3.8 

40 

13XX 

74238 

+100+ 

90®  P.S, 

All  3xd 

3,7 

40 

13XX 

74486 

+100+ 

900  P.S 

All  3rd 

3.8 

45 

lane 

66979 

+100+ 

90®  P.S. 

Some  3rd,  5tb 

4.4 

70 

86XS 

66117 

+100+ 

90®  P.S. 

Some  3rd,  5tb 

4,5 

70 

66XX 

71944 

+95 

All  3rd 

4.3 

65 

86XX 

71918 

+B0 

All  3rd 

4.3 

65 

86XX 

69289 

+75 

All  3rd 

4.3 

70 

8SXX 

69777 

+50 

All  3rd 

4.3 

60 

86XX 

71364 

0 

All  5th 

4.9 

85 

86XX  . 

71384 

+15 

All  5tb 

4.8 

80 

&62(X 

73828 

+15 

All  5th 

4.4 

75 

86XX 

72461 

+10 

All  5JCh 

4.7 

80 

86XA 

74166 

0 

All  5th 

4.7 

80 

B6X1C 

66628 

73077 

73023- 

+5 

-40 

-10 

All  5th 

All  5th 

All  5th 

4.9 

5.2 

5.2 

80 

80 

85 

e6xx 

a6xx 

86XX 

66457 

-10 

StroDg,  5th 
No,  3x8 

4.6 

80 

B6XX 

66486 

-35 

Strong;  5th 
Slight  3xd 

4.3 

80 

86XX 
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"Code  HG"  Receiver  Magnetic  Analysis  Magnatest  Spectrograph ie 

Identification  Production  Comparator  FS-30Q _  Analysis 


Aaipl  Itude 

Phase  and 
Harmonics 

Amplitude 

Phase 

70040 

+25 

Strong  5th 

4.6 

ao 

8&XX 

67565 

-20 

Strong  5th 

5.2 

85 

86XX 

67206 

+80 

Some  5tb 

5.2 

90 

86XX 

67529 

-40 

Strong  5th 

5.2 

80 

86XX 

73186 

-40 

Strong  5th 

5.2 

80 

d6XX 

73201 

-40 

Strong  5th 

5.2 

80 

86XX 

73146 

-60 

Strong  5th 

5.5 

85 

86XX 

73227 

-55 

Strong  5th 

5.5 

85 

86XX 

73003 

-70 

Strong  5th 

5.2 

90 

86XX 

73132 

-70 

Strong  5th 

5.2 

90 

86XX 

73187 

-50 

Strong  5th 

5.2 

85 

86XX 

73191 

-35 

Strong  5th 

5.3 

90 

d6XX 

73121 

-25 

Strong  5th 

5.2 

85 

86XX 

70578 

o 

1 

Strong  5th 

5.2 

85 

S6XX 

68785 

+5 

Some  5th 

4.7 

80 

86XX 

69240 

0 

Slight  5th 

4.7 

80 

aexx 

68171 

-80 

900 

Slight  5th 

4,0 

80 

86XX 

68112 

-90 

900  P.S 

Some  5th 

4.5 

75 

86XX 

73041 

-50 

900  P.S. 
Strong  5th 

5.3 

as 

86XX 

66097 

-60 

90°  P.S. 
Slight 

5.2 

85 

B6XX 

69- 


REPORT 

SA-TR19-1506 


"Code  HG"  Receiver  Magnetic  Anslyaia 
Identification  Production  Comparator 

Hagnateat 

FS-300 

Spectrographic 

Analysis 

Ainplituda 

Phase  and 
Harmonics 

Amplitude 

Phase 

66077 

-40 

Small  P.S. 
Slight  5th 

5.8 

90 

86XX 

64948 

-90 

90°  P.S. 

4.7 

80 

86XX 

73252 

-60 

90°  P.S. 

4.5 

75 

86XX 

67292 

-60 

90°  P.S. 

4.3 

70 

86XX 

67512 

-lOO 

90°  P.S, 

4.5 

80 

86X2 

73591 

-90 

90°  P.S. 

4.3 

70 

86ZX 

73319 

Off  Scale 
-100 

90°  P.S. 

7.0 

105 

B63IX 

73334 

Offigg.U 

90°  P.S, 

7,1 

105 

66X2 

71408 

off  Scale 
-100 

No  P.S, 

No  5th 

2.8 

107 

Not  i3XX  or  B6XX 
High  Nickel 

72037 

0 

All  3rd 

5.2 

90 

86XX 

70910 

-40 

All  3rd 

5,7 

100 

86KX 

67750 

+5 

All  3rd 

5.2 

90 

86XX 

69134 

0 

All  3rd 

5.2 

as 

86XX 

I 

69327 

-10 

All  3rd 

5.2 

95 

86XX 

68746 

-10 

All  3rd 

5.2 

85 

aexx 

73208 

-15 

All  3rd 

5.2 

as 

86XX 

71150 

-10 

All  3rd 

5.3 

90 

S6XX 

72895 

-10 

All  Srd 

5.2 

as 

a6xx 

65871 

-15 

All  Srd 

5.6 

90 

86XX 

66515 

-5 

All  3rd 

3.0 

BC 

85XX 

66923 

-30 

All  3rd 

5.2 

65 

86XX 

-70 


REPORT 

SA-TR19-1506 


"Code  HG"  Receiver  Magnetic  Analysis 
Identification  Production  Coirparator 
Amplitude  Phase  and 
Hannonlcs 


Magnatest  Spectrograph Ic 

FS-300  Analysis 

Amplitude  Phase 


67280 

-10 

All  3rd 

5.5 

90 

86XX 

67430 

+20 

All  3rd 

5,3 

65 

S6XX 

73765 

-60 

All  3rd 

5.7 

100 

aexx 

67569 

-30 

All  3rd 

5.7 

95 

86XX 

66145 

-100 

90®  P.S. 

No  5th 

4.9 

80 

86XX 
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Appendix  a 


Section  2 

Receiver  Test  Reaulta 
Test  Development  Studies 
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'Code  dlG"  Heceiver 

Magnetic  Analysis 

Production  Comparator 

Spec  tr ographLc 

Idanitl  flcation 

Amplitude 

Phase 

Analysis 

71244 

+105 

Off  Scale 

13XX 

71974 

+100 

13XX 

69121 

+95 

13XX 

73761 

Off  Scale 
+100 

13XX 

71927 

Off  Scale 
+100 

13XX 

72929 

Off  Scale 
+100 

13XX 

74238 

Off  Scale 
+100 

13XX 

74486 

Off  Scale 
+100 

13XX 

66979 

+39 

SPS 

86XX 

66117 

+33 

SPS 

'  86XX 

71944 

+30 

aexx 

71918 

+25 

86XX 

69289 

+25 

86XX 

69777 

+23 

8610C 

71364 

-15 

86XX 

71384 

+15 

P.S. 

86XX 

73828 

+5 

86XX 

72461 

0 

86XX 

74166 

0 

86XK 

66628 

-8 

B6XX 

73077 

-25 

86XX 

73023 

-14 

86XX 

66457 

0 

SPS 

86XX 

667f86 

0 

SPS 

86XX 

70040 

-2 

86XX 

67565 

-22 

86XX 

67206 

-11 

e6xx 

67529 

-27 

86XX 

73186 

-20 

86XX 
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'Code  HG"  Raealver 

MBRoetlc  Analyaia 

Production  Canparator 

Spectrographie 

Identification 

Anplltude 

Phaae 

Analyaia 

73201 

-20 

86XX 

73146 

-46 

86XX 

73227 

-48 

S6SX 

73003 

-40 

8623 

73132 

-38 

86XX 

73187 

-35 

86n 

73191 

-32 

B6MX 

73121 

-27 

B6SX 

70578 

-50 

B6XX 

6878S 

-13 

8F3 

86XX 

69240 

-12 

SP8 

86XK 

68171 

-12 

86XE 

68112 

-22 

86XZ 

73041 

-33 

861IX 

66097 

-30 

86XX 

66B77 

-55 

86ZZ 

64948 

-10 

86ZZ 

73252 

0 

66XX 

67292 

+5 

86X3 

67512 

‘  -20 

65XX 

73591 

0 

66XX 

73319 

Off  Seale 
-100 

86XX 

73334 

Off  Scale 
•105 

86XX 

71408 

-100 

Large  P,  8. 

Mot  I3XX  or  86XX 
High  Micket 

72037 

-30 

86XX 

70910 

-56 

86X3 

67750 

•  16 

86X3 

69134 

•25 

66XX 

69327 

-35 

86xx: 

68746 

-25 

86XX 
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'Code  HG"  Receiver 
Identification 

Masnetlc  Analysis 
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+1 

86n 

69442 

-3 

0 

86XX 

69429 

-6 

SPS 

+1 

86XX 

68043 

-8 

SPS 

+1 

86Zi; 

71316 

-5 

SPS 

+1 

86XZ 

69452 

0 

SPS 

0 

86XX 

66746 

+9 

SPS 

-2 

86XX 
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'Code  HG"  Receiver 
Identification 

Magnetic  Analysis 
Production  Comparator 
Amplitude  Phase 

.Magnateac 

FS-300 

Amplitude 

.  Spectrographlc 
Analyala 

67112 

+10 

SPS 

-2.5 

«8XX 

66961 

-16 

SF3 

+2 

86XX 

67183 

1 

0 

SPS 

+1.5 

86XX 

68915 

+5 

SPS 

-2 

86XX 

68572 

-12 

SPS 

+2 

86XX 

68533 

-2 

SPS 

0 

86XX 

67413 

-2 

0 

86XX 

68962 

0 

SPS 

0 

86XX 

69505 

.  0 

-  4. 

+1.5 

86XX 

69331 

-33 

SPS 

+5 

86XX 

71988 

+18 

-2.5 

86XX 

73886 

+25 

-3 

86XX 

71654 

+28 

PS 

-4 

S6XX 

71034 

+25 

SPS 

-2.5 

86XX 

73178 

-25 

+4.5 

86JtX 

67707 

+43 

PS 

-5.5 

86XX 

73009 

+4 

-1 

86XX 

73052 

+3 

0 

86XX 

69047 

-32 

SPS 

5 

86XX 

71380 

+2 

SPS 

0 

86]dt 

74489 

+20 

-2.5 

Mm. 

71718 

+18 

-2 

86XX 

73574 

-3 

+1.5 

86RX 

66871 

-32 

SPS 

+4.5 

86XX 

70416 

-32 

SPS 

+4 

e6xx 

70087 

-3 

SPS 

0 

86XX 

66340 

+10 

SPS 

-1.5 

86XX 

73111 

-35 

SPS 

+4.5 

e6xx 

73952 

+12 

SPS 

-2.5 

86XX 

73124 

-36 

SPS 

+4.5 

86XX 

-89. 
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'Code  HG"  Receiver 
Identification 

Magnetic  Analyaia 
Production  Comparator 
Amplitude  Phase 

Magnateat 

PS-300 

Amplitude 

‘ Spectrographic 
Analyaia 

69507 

-28 

SPS 

+3.5 

86XX 

68258 

+2 

SP8 

-1 

86XK 

68252 

-6 

+1 

86XX 

67:^99 

-2 

SPS 

-1 

S&SX 

71970 

+28 

SPS 

-4 

86XX 

71844 

+20 

SPS 

-3.5 

862X 

72397 

+5 

SPS 

-1.5 

86XX 

73094 

-12 

+2 

86XX 

73660 

-13 

SPS 

+1,5 

‘  86X:. 

73915 

-8 

SPS 

+2 

66XX. 

68861 

-10 

SPS 

+1.5 

86XX 

72947 

-39 

SPS 

+5 

86XX 

68223 

-3 

SPS 

0 

86n: 

67431 

-3 

+1 

86X1C 

66638 

-11 

+1 

86X1 

73743 

-2 

SPS 

0 

86XX 

67262 

-12 

SPS 

+2 

86XX 

69392 

-36 

PS 

+4 

86XX 

69020 

-18 

SPS 

+2.5 

SSXK 

72682 

-1 

0 

66XX 

69467 

-25 

SPS 

+3.5 

«6XX 

67426 

-8 

+1.3 

d6XX 

67788 

-20 

PS 

+3 

86XX 

67278 

-2 

SPS 

0 

86XX 

70664 

-13 

+2 

86XX 

71219 

-15 

SPS 

+2 

86XX 

63815 

+8 

BPS 

-l.S 

B6XX 

68632 

-5 

SPS 

0 

66XX 

70050 

0 

PS 

-1 

66XX 

-90' 
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'Code  HG"  Receiver 
Identification 

Magnetic  Analysts 
Productloft  Gowparator 

Magnatest 

FS-300 

Spectrographlc 

Analysis 

Amplitude 

Phase 

Amplitude 

70787 

-10 

SPS 

+1,5 

a^xx 

69029 

-3 

SPS 

0 

86xx 

70645 

-13 

SPS 

+2 

a6xx 

69314 

+8 

SPS 

-2.5 

asjtx 

69274 

SPS 

-2 

SQjtX 

71310 

-16 

SPS 

+2 

aaw 

69381 

0 

SPS 

0 

aexx 

68825 

0 

SPS 

0 

asxx 

67993 

-7 

nr* 

dfO 

+1 

8SX3f 

69478 

0 

0 

86)a 

71204 

-15 

SPS 

+2 

86BC 

69692 

+11 

SPS 

-2.5 

86XX 

68496 

-6 

SPS 

+1 

86xx: 

68497 

-2 

0 

86XX 

68524 

-8 

SPS 

+1 

86XX 

68619 

0 

SPS 

0 

fl6xx 

71441 

-3 

SPS 

0 

86XX 

68530 

+3 

SPS 

-1 

86XX 

68483 

+2 

SPS 

-1 

86XX 

68415 

+2 

SPS 

-1 

86XX 

70684 

-10 

+1.5 

86XX 

70897 

+2 

SPS 

-1.  5 

86XX 

71015 

-6 

SPS 

+0.3 

86XX 

71211 

-8 

SPS 

+1 

86XX 

68950 

-3 

SPS 

0 

85XX 

69X38 

-3 

SPS 

0 

86XX 

69136 

-2 

0 

86XX 

69139 

-6 

+1 

86XX 

69140 

+2 

-1 

86XX 

72058 

+16 

-3 

86  XK 

71549 

0 

-0.5 

B6XX 

-91- 
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‘Code  HG"  Receiver 
Identification 

Kagnetlc  Analysis 
Production  Coaoparator 
Amplitude  Phase 

Hagnatest 

PS- 300 
Amplitude 

Spe c trographie 
Analyala 

720A3 

44 

-1.5  . 

86XX 

72009 

49 

-2.5 

861Z 

69024 

-4 

SFS 

0 

86ZX 

69005 

42 

SFS 

-1 

862X 

69000 

-1 

SPS 

0 

86XX 

69552 

-5 

8P3 

4l 

BBXX 

69453 

>8 

SPS 

4l 

86XZ 

69317 

^12 

SPS 

42 

sent 

69275 

-5 

SPS 

+1.5 

sen 

69251 

-30 

SPS 

44.5 

sen 

70014 

-18 

SPS 

42.5 

86n 

73927 

42 

SFS 

-0,5 

sen 

68479 

-16 

SPS 

42.5 

sen 

69652 

-37 

SPS 

45.5 

sen 

‘  66549 

-3 

0 

sen 

66656 

-12 

42.3 

sen 

66662 

-18 

42.5 

sen 

67918 

0 

SPS 

0 

sen 

67856 

-11 

42 

86n 

66948 

414 

SPS 

-2.5 

sen 

66163 

-3 

SPS 

+1 

sen 

65870 

47 

-1 

sen 

66803 

-6 

+1.5 

sen 

70303 

-16 

SPS 

+2 

sen 

70053 

4l0 

-1.5 

sen 

70112 

-1 

SPS 

-1 

sen 

70041 

4l 

SFS 

-1 

sen 

70061 

-8 

SPS 

+1.5 

sen 

69242 

-2 

SPS 

0 

sen 

68296 

-5 

SPS 

+1 

sen 

68715 

-3 

0 

86U 

70716 

-5 

SPS 

0 

86XX 

70686 

1 

o 

+1 

sen 

67432 

•8 

♦1.5 

sen 

92 
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'^Code  HG"  Roeelvar  MagnBfcic  Analysla 
Idantifleation  Production  Comparator 
_ Amplliaida _ Phaae 


^>300 


Speetrographie 

Analyaia 


69985 

-5 

0 

86XX 

69063 

-5 

SPS 

+0.5 

86nc 

69818 

0 

8PS 

-0.5 

86XX 

69999 

-6 

SFS 

0 

861X 

69484 

-11 

SPS 

+1.5 

86XX 

69593 

-3 

8PS 

0 

86XX 

69512 

-2 

0 

86ZX 

67380 

-24 

SPS 

+3.5 

86XX 

-93- 
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Figuras  I  to  11 
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f’lGURE  1 

SPRINGFIELD  ARMORY- ORDNANCE  CORPS 

Neg:  19-058.  1397/ORD-60  Date:  15  Dec  I960 

RIFLE,  7.6Z-MM,  M 14  -  "Code  WH"  #19478 
DAMAGED  RECEIVER 


FIGURE  2 


Neg: 


SPRINGFIELD  ARMORY  -  ORDNANCE 

19-058- 1396/ORD-60  DatB:  15  Dec  1960 

RIFLE,  7.62-MM,  M14  -  "Code  WH" 
RECEIVER 

Showing  Fracture  Sections 


CORPS 


Proj: 


I 

3 

I 

tjt 

O 

O' 


#19473 
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figure  3 

SPRINGFIELD  ARMORY  -  ORDNANCE  CORPS 

Meg:  19-058-1386/ORD-60  Date;  20  Dec  I960  PfO]: 

RIFLE.  7.62-MM,  MI4  -  "Code  HG"  #73293 
DAMAGED  RECEIVER 
After  Firing  One  Proof  Round 
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FIGURE  4 


SPRINGFIELD  ARMORY  -  ORDNANCE  CORPS  g 

-058-1388/ORD-60  DatC:  20  Dec  I960  PrOj:  Y 

RIFLE,  7.  62-MM,  M 14  -  "Code  HG"  #73293  g 

RECEIVER  FRACTURE 
After  Firing  One  Proof  Round 
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etchant:  NITaL 


KAG.J  1000  X 


FIGURE  7 


8620  H  MJHERIAL  RECEIVER. 


EQUIIMINT  ^ETER  READINGS  AND 
1330  MATERIAL  RECEIVER 


SCOPE  PATTERNS 


HIGH  NICtEL  MATERIAL  PECEr/ER 
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FIGURE  6  -  AREAS  -  CORE . HA  RDNE6S  ME  A  5UR£M£NT5 
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FIGWE  9  -  HACROCSAFH  SHO^-IIHO  ICCALI.Y  AN!®ALED  SECTION 
IN  "CODE  HG"  RECEimR  NO,  71980 


i'.'chsnt:  Kiiftl.  6l, 


103 
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APPENDIX  C 


DISTRIBUTION 


Chle£  of  Ordnance 
Department  of  the  Army 
Washington  25,  D.  C. 

ATTN:  ORDTB  O) 

ORDTX  (1) 

Comoiandlng  General 
Ordnance  Weapons  Ccngaaad 
Rock  Island,  Illinois 
ATTN:  Commanding  General  (8) 

ORDOW-FM  (1) 

ORDOW-TX  U) 

ORDOW-IE  (1) 

Commanding  Officer 

Diamond  Ordnance  Fuze  Laboratories 

Washington  25,  D.  C, 

ATTN:  Technical  Reference  Section 
ORDTL  06.33 

Armed  Services  Technical  Information  Agency 
Arlington  Hall  Station 
Arlington  12,  Virginia 

Commanding  Officer 
Detroit  Arsenal 
Center  Line,  Michigan 

Conmianding  General 
Frankford  Arsenal 
Philadelphia  37,  Pennsylvania 
ATTN:  Pltman-Dunn  Laboratory  (1) 

Small  Ams  Division  (1) 

Commanding  Officer 
Plcatinny  Arsenal 
Dover,  New  Jersey 
ATTN:  0RDBB-TM2 


Copies 

2 

11 


1 

10 

1 

2 

1 
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DISTRIBUTION  (Contd.) 


Coplee 

Command itig  General  1 

Re da tone  Arsenal 
Huntsville,  Alabama 
ATTN :  ORDDW-TET 

Commanding  Officer  1 

Rock  Island  Arsenal 
Rock  Island,  Illinois 
ATTN :  Laboratory 

Commanding  Officer  A 

Watertown  Arsenal 
Watertown,  Massachusetts 
ATTN:  Commanding  Officer  (2) 

Laboratory  (1) 

Ordnance  Materials  Research  Office  (1) 

Commanding  Officer  1 

Watervllet  Arsenal 
Watervliet,  New  York 

Commanding  General  4 

Aberdeen  Proving  Ground 
Aberdeen,  Maryland 

ATTN;  Technical  Library,  ORDBG-LM,  Bldg  313(2) 

DPS  Branch  Library  #3,  Bldg  400(2) 

Commandant  2 

U.  S.  Army  Ordnance  School 
Aberdeen  Proving  Ground  ^  Maryland 
ATXil:  USAOS  Technical  Library  (1) 

Non-Resident  Training  Division 

Commanding  General  1 

Fort  Eelvotr,  Virginia 

ATTN;  Research  and  Development  Laboratories 
Materials  Branch 

Commanding  Officer  I 

Chemical  Warfare  Laboratories 
Army  Chemical  Center, 

Maryland 
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DISTRIBUTION  (CoQtdJ 


fioinmaridirig  OfflC^t 
Boston  Otdnance  Dls^rlcl 
Boston  Army  Base 
Boston  10,  Hassachusetts 
ATTN:  Coninanding  Officer  (2) 

Springfield  Regional  Office  (1)' 

Cotnmandlng  OffiCef 

Office  of  the  Quartermaster  Gen'efal 

Washington  25,  D,  C. 

ATTN:  Research  and  Development  Division 
Chemical  and  Plastics  Branch 

Commanding  Officer 

U.  S.  Army  Ordnance  Training  Command 
Aberdeen  Proving  Ground,  Maryland 
ATTN:  OBDHB-CR-C 

Commanding  General 
Ordnance  Ammunition  Connnand 
Joliet,  Illinois 

Commanding  General 
U.S.  Army  Ordnance  Special  Weapons 
Ammunition  Command 
Dover,  New  Jersey 

Commander 

Air  Materiel  Command 
Wrlghc-PactersoQ  Air  Force  Base,  Ohio 
ATTN ;  ASWVAF 

Conmandex 

United  States  Air  Force 
Washington  25,  D.  C. 

ATTN :  AFDRD-CC 

Commander 

Wright  Air  Development  Center 
Wrlght’^Petterson  Air  Force  Base 
Dayton,  Ohio 
ATTN ;  WCRTL 


Rl’.rOUT 

SA-'ml9-l506 


(Gontd.) 


Copies 

Commander  1 

Air  Research  and  Development  Command 
Andrews  Air  Force  Base 
Washington  25,  D.  C. 

ATTM :  RDT-DAG 

Comiiiander  1 

Air  Proving  Ground  Center 
U.S.  Air  Force  Base,  Florida 
ATTN :  PGTRI ,  Technical  Lib 

Commanding  Officer  1 

Naval  Proving  Ground 
Dahlgren,  Virginia 

Chief,  Bureau  of  Naval  Weapons  1 

Department  of  the  Navy 
Washington  25,  D.  C. 

ATTM:  RRMA.RRRE 

Chief,  Bureau  of  Ships  2 

Departmerr-  of  the  Navy 
Washington  25,  D.  C, 

ATTN:  Research  and  Development  Division, 

Code  346  (1) 

Material  Development  Division, 

Code  345  (1) 


Director  1 

U.S.  Naval  Research  Laboratory 
Washington  20,  D.  C. 

ATTN:  Technical  Information  Officer 

Commandant  1 

New  York  Naval  Shipyard 

Brooklyn  1,  New  York 

ATTN:  Materials  Laboratory 

Commander  1 

Philadelphia  Naval  Shipyard 
Philadelphia  12,  Pennsylvania 
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Copies 

Connandbr  1 

Norfolk  Naval  Shipyard 
Portanouth,  Virginia 
ATTN!  Code  380 

Commander  t 

Portsmouth  Naval  Shipyard 
Portsmouth •  New  Hampshire 
ATTN:  Laboratory  Officer 

Chief,  Bureau  of  Aeronautics  1 

Department  of  the  Navy 
Washington  25,  D.  C. 

ATTN:  TD  Division 

Commanding  Officer  1 

U.S.  Naval  Engineering  Experiment  Station 
Annapolis,  Maryland 

Superintendent  1 

U.S.  Naval  Weapons  Plant 
Washington  25,  D.  C. 

ATTN:  Aviation  Ordnance 

Commanding  Officer  1 

Bureau  of  Naval  Weapons  Technical  Liaison  Office 
Aberdeen  Proving  Ground^  Maryland 
ATTN:  Navy  Liaison  Office,  Bldg  305 

Commanding  Officer  1 

U.  S.  Army  Ordnance  Technical  Intelligence  Office 
Aberdeen  Proving  Ground,  Maryland 
ATTN:  ORDBG-OTl,  Capt  Taylor"' 
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womwes  ARD  METWOS  of  MONDESTAUCTIVC  TESTINC  or  KECEIVEKS  FOK  Tltt'7.62l*(  Kl4  i.  Noa4c«eruCtlve 

V  t««tL09 

RZFU,  by  X.  0.  Eflrytoakl,  rt.  ?.  Hateb,  utd  e.  h.  Abb«.  teeteleal  Bcporc 

2.  ElcctroMgaaCic 

SA>TR19>1506,  7  Nc>T  61,  llOpp  loci  iLluo,  Ot4  Froj  •  toduscrlol  rrcpofadocio  ceat  oecbod* 


Heaawr«< 

incu.ssiFZSD  uroKT 

Llmi Ced  distribution  diM  to  eoding. 

SCudlei  were  made  to  develop  a  noodcatmctlvc  teat  for  ehs  aafreEatlaE  of  re- 
eeLvers  eade  fron  naterlala  oth^r  Chan  Cbc  apaeiClcd  reaulpburlzad  8630H  ataal, 
and  to  decertrlne  the  feasibility  of  ualag  Che  eleccrooiagnetii:  teat  cor  thla  aeg- 
regation.  The  aleeCreoagBecic  eonparlaon  ceat  gavfe  100  per  cent  correlation 
with  apectrographie  aaalyaia  reawlta  of  554  receivers.  The  developed  method  did 
not  correlate  completely  with  core  properties  la  the  receiver  lug  areaa.  The 
results  obtained  by  this  method  are  influenced  by  variatloaa  in  the  hcat-tscat 
procedures,  it  was  cecoeanended  chat  the  electronagneLlc  tnethod  be  used  in  con¬ 
junction  with  core  hardness  predictions  by  Rockwell  C  and  D  neaaarenencs  at 
designated  locati  ■.  T  -r-c^durea  are  deactibed. 


3.  Kscelver,  R14» 
7.  62ib 


Sprlagfiald  Armry,  Springfield,  Meaa. 


PROPCaXXES  ANU  METHODS  OP  itOHDEfTICUCTIVE  TESTIHC  OF  RECEIVEU  FOB  THE  7,62}«i  M14  1.  Hobdeatruetive 

caaclng 

SIFIS,  by  s.  D>  Eorytoakl,  H.  F.  Hatch,  and  t.  H.  Abbe,  Tecbnlcal  leport 

2,  EleccromagBacte 

SA- 1X19-1506,  7  Nov  61,  llOpp  lacl  lllua,  Qrd  proj  •  ladnatrlal  preparednesa  teat  aethoda 


Springfield  Antory,  Springfield,  Maaa. 

PROreBneS  and  KETHOOS  op  HONDSSTRUCTTVB  TSSTIHC  of  receivers  PDR  THE  7.62MM  Kl4 
HtFbE,  by  H.  0.  Xorj'toakl.  H«  P.  Hatch,  and  B.  H.  Abbe,  Technical  Xepoet 

2.  Electromagnetic 

SA-TE19-1506,  7  Nov  61,  110  pp  lacl  illua,  Ord  ProJ  -  Induattial  preparedneaa  teat  aietboda 


1.  Nondeatructi 
testing 


Measure. 

UNCLASSIFIED  EEPORT 

LlslCed  distrlbuCler  du*  to  coding. 

Studies  were  sada  ta  develop  a  noadeatruetivc  teat  for  the  aegregaclag  of  re* 
ealvera  made  frea  naterlala  otlur  tbaa  the  specified  resulptuzlSAd  S62QR  steel, 
aud  CO  decaroine  the  fcAslbLllty  of  using  the  clsctronsgneeie  test  for  this  seg* 
regacioiu  Tbs  elcecronsgaecic  eomparlsoo  test  gave  100  per  cent  correlstloo 
wlcb  spectrogrsphle  aaalysls  results  of  554  receivers.  Tbe  developed  method  did 
not  correlate  coepletely  with  core  pcoperCics  in  Che  receiver  lug  areas.  The 
results  obcaii,ed  by  cbla  method  are  influenced  by  vsxisLioos  In  Che  heat-treat 
procedures.  It  was  recoesneoded  that  tbe  eleecroetagBaClc  oiethod  be  used  In  con* 
junction  with  core  hardness  predictions  by  Soc*twell  C  sod  0  measuremeata  at 
designated  loc.iti..  ts-  Test  pr;'<rtdure J  ar«  described. 


3.  Receiver,  K14, 

7.62m 


Measure. 

UHCXASSIFiET  RETORT 

Llaiced  dlstrlbs^cioti  due  to  coding. 

Studies  were  cade  Co  develop  a  noadeaCruccLve  teat  for  tbe  segregating  of  re* 
celvera  made  from  naterlala  other  than  thii  apeelEled  resulpburiced  8620H  steel, 
and  to  datemine  the  feaalbilicy  of  using  tbe  electrcmagnetic  test  foe  cbla  a«g- 
regaCioo.  Tbe  eleeCrooagBeCle  coaiparlaoo  cast  gave  100  per  cent  correlation 
with  specCcographic  aaalyaia  reaulta  of  554  receivers.  The  developed  method  d^d 
not  eorrcLace  completely  with  core  properties  in  Che  receiver  Lug  areas.  Tbe 
results  obtained  by  this  method  ate  influenced  by  variations  in  Che  beac-Creat 
procedures.  It  was  recomwnded  chat  the  electroiragne tic  method  be  used  in  con- 
JunccioQ  with  core  hardness  predictions  by  Rockwell  C  and  o  R>easucec«r;ca  at 
designated  locati.  is.  Test  proceduzes  are  described. 


3.  Receiver,  Kl4, 
7.S2iaB 


Springfield  Armory,  Springfield,  Mass. 

TROPERTIES  AND  METHODS  OF  >DNDESTRUCT1VZ  TESTINC  OF  RECBIVERE  FOR  THE  7.62NH  M14 
Rinx,  by  A.  D.  RoryCoakl,  H.  P.  Hatch,  and  g.  K.  Abbe,  Tecbalcal  Report 
SA-TR19-IS06,  7  Hov  61,  110  pp  Incl  illua,  Ord  Proj  -  laduatrlsl  Preparadatsa 
Measure. 

UNCLASSIFIED  RETORT 

Limited  diaCrlbuClon  due  e«  ceding. 

Studies  were  made  Co  develop  s  noadeacruetlve  Case  for  tbe  oegregatlng  of  rs* 
celvers  made  from  materials  otfacr  than  ebe  gpectfled  reswlpbuTlsed  8620B  steel, 
and  CO  determine  tbe  feasibility  of  using  the  eleccrDBagnetlc  test  foe  this  seg- 
Tcgaticm.  Tbe  elecccomagaetic  eoaparlson  test  gse;*  100  per  ecinc  eorreliXLon 
with  specCrographic  asslysie  reeuLta  d£  554  receivers,  tbe  developed  method  did. 
not  correlate  completely  with  core  properties  in  tbe  receiver  lug  areas.  Aw 
results  obtained  by  this  method  arc  influenced  by  varlaClont  In  cbe  best-treat 
procedures,  it  was  recotmended  chat  the  electraBagnecic  method  be  used  In  eon- 
junction  with  core  hardness  pradlctlcns  by  Rockwell  c  and  D  Deaaurenects  at 
designated  locativis.  That  procedures  are  described. 


L.  Nondescructiwe 
testing 


3.  Receiver,  R14, 
7.62Ba 


A«e*««t«a 


AD  _ 

AxMary.  DprlogeicU,  Mat. 

P«OFCTn^S  ARD  HETHODA  Of  MHOeSnUCnVC  TEmNC  OP  lECFlVERS  POD  THE‘’7,62MK  «i4 
KIPIX,  by  X,  D.  Korytaakl.  H.  f.  Ratcb,  and  E.  K.  Abba.  T«ebalc4l  Bcport 
SA-TA19-I506a  7  Roy  61,  110  pp  loel  lllua,  Ord  ProJ  -  laduacrlal  Preparcdaeta 
Measure. 

UMcussinsD  upcn 

LiniCed  discrlbucian  du«  to  coding. 

Studies  t«re  made  to  develop  a  nondeaCruetlwe  Coat  far  tbe  segrcgsciag  of 
eeivers  made  from  macerlala  other  cbaa  Che  specified  rcaulpburiaed  S620('  ateeli. 
and  Co  decemine  the  CeaslbiliCy  oC  using  the  eleccromagneCle  test  far  this 
regacioft.  Tbe  elecCromagneCie  comparison  teat  gs^te  100  per  cant  eorrclstlan 
with  apecCTographlc  analysis  results  of  554  recelvera.  The  developed  nechod  did 
not  correlate  completely  with  core  properties  in  tbe  receiver  lug  eress.  The 
results  obtained  by  this  method  are  influenced  oy  variations  in  the  heat-treat 
procedures.  It  was  recoennendrd  Chat  tbe  eleetronagne tic  method  be  used  in  con¬ 
junction  with  core  hardness  predictions  by  Rockwell  C  and  D  aeasurec«ncs  at 
dcsisnaccil  locaci  •».  T  «f  -r'c.dures  are  described. 
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raOPEBTlBS  AND  JCTHOOS  07  NOSDESTRUCTIW  TSSTINO  OP  RECEIVERS  POR  TlfE  7.&2HH  M14 
RIPLE,  by  R.  D.  Korytoski.  H.  P.  Hatch,  and  E.  K.  Abbe,  Teehaieal  Report 
sa— TRl9-t506,  7  Nov  61,  110  pp  inel  illus,  Ord  ProJ  -  industrial  Preparedness 
Measure, 

UNCU-SSinSD  REPORT 

Idslted  dtacrihutlon  dun  to  coding. 

Studies  wets  made  to  develop  a  noadeatraetlve  tesk.  for  the  segregating  of  n* 
uelvera  made  froa  msterlalt  ochir  than  ths  apeelf:ed  reaulpbuclsed  B620H  iceel, 
and  CO  decarBiiae  the  fesaibillcy  of  using  tbe  a1  .tCromagnetic  cast  for  Ctala  sag* 
cegaclon.  tbe  eleccrofugneclc  eomparlaoa  teat  100  per  cent  corcelaClon 

vich  apectrographic  anslyaia  results  of  554  receivers.  Tbe  developed  method  did 
aot  correlate  completely  with  core  properties  is  tbe  receiver  lug  erees.  Tbe 
results  obtained  by  ebis  method  are  influenced  by  variationa  is  tbe  heat-treat 
procedures.  It  was  recoaxended  that  the  eleccroaiagneclc  method  be  used  La  con¬ 
junction  with  core  hardoeaa  predictions  by  Rockwell  C  and  a  tneasurecencs  ac 
designar«3  loc-at;..  T>?st  pr-^cdures  are  described. 
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P1U>n»I1SS  AN9  METHODS  OP  NONDESTRUCTIVE  SSTINC  07  RECEIVERS  FOR  THE  7.62IW  Mi4 
RXPI£,  by  t.  D.  Rorycoakl.  h.  f.  Hatch,  and  S.  H.  i;bbe,  Tacbalcal  Report 
SA-1Ri9-1506,  7  Nov  $1,  llOpp  loci  illus,  Ord  ProJ  *  ladusCrial  Preparednesa 
Raasura. 

UNC1ASS17XXD  RETORT 

lisiiced  disCribwCloB  dua  to  ending. 

SCudlaa  were  made  Co  develop  e  oondestructive  teat  far  the  aegregaCiag  »£  re¬ 
ceivers  irade  from  Bsterials  other  than  the  specified  reaulplsirlxed  a620H  steel, 
and  to  determioe  the  feasibility  of  using  tbe  electromagnetic  teat  far  this  aeg- 
regacion.  Tte  electromagneCie  eomparisoa  teat  gave  100  per  cent  comlation 
with  apectrographic  analysis  results  of  554  receivers.  Tbe  developed  DcCbod  did 
not  correlate  completely  with  core  properties  in  the  receiver  lug  areas.  Tbe 
results  Stained  by  this  method  ate  influenced  by  variations  in  the  beat-treat 
procedures.  It  was  reconmended  chat  tbe  electromagnetic  method  bs  used  in  con¬ 
junction  with  core  hardness  predictions  by  Rockwell  C  and  D  anasurements  ac 
designaCed  locaci.  ns.  Test  procedures  are  described. 


1.  NondasemeCive 

teaciag 

2.  SieetrooagaeCie 

test  netboda 

3.  Receiver,  Kl4, 

7.62n 


AD  Aceeaslon  _ _ 

Sprlogfield  Armory,  Springfield,  Maas. 

PROKRTIEl  ABC  METHODS  OP  NONDESTRUCTIVE  TSSXXNf?  OP  RECEIVERS  POR  THE  7.62HH  K14 
RIFU,  by  R.  D.  toxytoalcl,  H.  P.  Hatch,  and  E.  K.  Vkbbe,  Technical  Report 
S4-TR14-1S06.  7  Nov  61,  110  pp  loci  llliia,  ord  Proj  -  Industrial  preparedzKss 
Heaaure. 

•TNCIASSIPIED  REPORT 

LimtCed  dittrlbuclon  due  to  coding. 

Studies  i«re  made  to  develop  e  aondeatructlve  test  for  the  aegTegscLog  of  re¬ 
ceivers  made  from  nateriala  eCbet  than  the  specified  cesulpburlsed  M20a  scael, 
and  to  dctersiise  tbe  feas'.bilicy  of  uslsg  Che  aleenroBagBecie  tast  for  this  nag- 
regation.  ^le  eleccrnnagneclc  coaparlaoB  teat  gave  100  per  cent  eorrelatloa 
wf.tb  apectrographic  osalyais  results  of  554  ceceivrra.  The  developed  method  did 
not  correlate  completely  with  cote  properties  ia  Cl«  receiver  lug  areas.  The 
cesulcs  obcaioed  by  this  method  are  influenced  Vy  '.ariacloBs  in  the  heat-treat 
procedures.  It  wan  recomended  chat  the  clecCromac.netie  aecbod  be  uaed  in  con- 
junccloa  with  core  bardneus  predictions  by  Rockwell  C  and  D  eesauremenCs  at 
designated  IrtcaCiv-ts.  Teat  procedures  ate  describ<'il. 
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